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INTBQDUCTION 
The maintenance of a good supply of organic matter in cultivated 
soils will inevitably involve periodic additions of crop residues and 
organic manures. The effect of these additions on the transformations 
of nutrient elements during decomposition will depend largely on factors 
which affect the rate and extent of their decomposition, Ititrogen is 
cycled "between inorganic and organic forms during decomposition processes. 
Since inorganic nitrogen is the form utilized by plants in greatest 
quantities, the length of time that nitrogen remains in organic form as 
well as the amount converted to this form during decomposition becomes 
of prime importance to plant nutritionist and agronomist alike. 
The process of conversion of inorganic nitrogen into organic 
nitrogen during decomposition is caused by the assimilation of nitrogen 
by organisms carrying out the decomposition processes and is called 
nitrogen immobilization. Nitrogen immobilization is influenced by many 
factors. The process is favored by rapid decomposition of large amounts 
of organic residues low in nitrogen. Moisture, aeration and soil reac­
tion have also been shown to affect immobilization in soil. 
A review of the literature revealed that most studies of nitrogen 
immobilization had been conducted in the laboratory. Field results were 
in many cases different from laboratory predictions. One of the major 
differences between field and laboratory studies was the particle size 
of added crop residue. Residue added in the laboratory was of much 
smaller particle size than residue applied in the field. Little 
information was available which measured the effect of residue particle 
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size on decomposition and nitrogen immobilization. 
The purpose of the present investigation was three-fold; (a) to 
test the hypothesis that decomposition as measured by carbon dioxide 
evolution and nitrogen immobilization was inversely related to residue 
particle size, (b) to obtain data showing the magnitude of the effect 
of particle size of residue on decomposition, and (c) to investigate 
the factors responsible for particle size effects. 
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HISTORICAL 
According to Waksman (46), the microbiological aspects of organic 
matter décomposition were emphasized by Pasteur. He established that 
living microbes bring about the decomposition of organic residues with 
a transformation of their elements into forms available to plants. The 
products formed during decomposition were shown to depend not only on 
the organisms involved but also on the environmental conditions under 
which the process was carried out. Under aerobic conditions, carbo­
hydrates were decomposed completely with the formation of carbon dioxide 
and water. In the absence of oxygen, decomposition was incomplete and 
alcohols, organic acids, and hydrogen and methane gases were products 
in addition to carbon dioxide and water. 
Nitrogen has been shown to play a major role in the decomposition 
processes of plant residues. Many investigations have been made of the 
transformations that nitrogen undergoes when soil is incubated alone and 
in combination with added residues. Because of their practical value 
to agriculture, the processes of nitrogen mineralization were studied 
most. Residues relatively low in nitrogen showed depressing effects on 
the yields of crops planted soon after the residue addition. These 
effects, although now attributed to the synthesizing activities of the 
decomposing organisms, caused much concern. In an effort to explain these 
phenomena, three different theories were advanced. The first advoeated 
that denitrification was the cause since soil nitrates were usually 
depleted when injury to crops occurred. The second theory, suggested 
by Schreiner (39) and Schreiner and Skinner (40) and supported by 
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Collison (8), stated that the added residues contained substances toxic 
to plants. The third theory suggested the depressing effects were caused 
by the deficiency of available nitrogen. This deficiency was due to 
the fact that the residues served as sources of energy for soil micro­
organisms thereby stimulating a large population with simultaneous 
assimilation of large quantities of inorganic nitrogen. The latter 
theory has been most generally accepted and was supported by Waksman 
et al. (52), Allison (1) and Jansson (21). 
Waksman et al. (52) gave the following as evidence to discredit 
the "toxic theory" and to add support to the "assimilation theory." 
First, work of Eruger and Schneidevind was cited which showed that no 
injurious effects occurred to legume crops when grown following the 
addition of straw to soil, nitrogen deficiency did not occur since this 
group of plants fixed elemental nitrogen symbiotically. Secondly, when 
soil vas partially sterilized after the addition of straw in order to 
kill the fungi and cellulose decomposing bacteria, there was no injury 
to non-leguminous plants. A third line of evidence was brought out by 
the fact that injury occurred when pure cellulose was added to soil. 
Since nitrogen immobilization was one of the last of the basic 
microbiological nitrogen transformations to be evaluated, less work 
has been done in this area. Primarily the work has centered around the 
factors which affect immobilization of nitrogen. In view of this fact 
end the results to be presented in the present investigation, only 
those papers which deal with factors affecting decomposition and nitrogen 
immobilization will be emphasized in the following review. 
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Effect of Age, Rature and Chemical Composition 
of Plant Residue on Decomposition 
Effect of nature of plant residue on decomposition 
The nature of added plant residue had an effect on the extent of 
its decomposition in soil as was verified by the work of Merfcle (31). 
A number of different residues were added to soil in the laboratory 
and the evolved carbon dioxide measured during $0 days incubation. 
The residues and their order of decreasing COg evolution were as follows : 
sugar beets > alfalfa > soybeans > barley straw > rutabagas > oat straw > 
rape > red clover ? buckwheat straw > maple leaves > oak leaves pine 
needles > pine shavings > soil alone. In general, this order was also 
the order of the decreasing initial total nitrogen content of the 
residues. Similar results were obtained by Waksman and Tenney (4$) and 
by Kuo (24) in the absence of soil and by Martin (29) in its presence. 
Effect of chemical composition of -plant residue on decomposition 
Hatchings and Martin (19) compared the decomposition of both the 
roots and tops of alfalfa and sweet clover with wheat straw under three 
conditions and concluded that the chemical composition of the added 
residue was also important. In this study the residues were incubated 
for thirty days when their carbon to nitrogen ratios were unaltered, 
when sufficient sodium nitrate had been added to the system to reduce 
all C:IT ratios to 10:1, and when sufficient cellulose as filter paper 
was added to widen the C:$f ratios to 80:1. The effect of the added 
nitrate was to increase the rates of decomposition while that of 
cellulose was to increase the tsvsl iia-runt of COg evolved. The relative 
orders of decomposition as measured by both COg evolution and nitrate 
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accumulation differed little under all conditions studied and followed 
the decreasing order: sweet clover tops > alfalfa tops > sweet clover 
roots > alfalfa roots > wheat straw. This relative order was also the 
decreasing order of the initial nitrogen contents and the increasing 
order of the unaltered CUT ratios of the different residues. These 
results were confirmed later "by Patrick (35) when the C:U ratio of 
timothy roots was made equal to the ratio of red clover roots. 
During this period Waksman and Tenney (51 ) used another method of 
approach to study the effect of chemical composition of plant residues. 
Straw and alfalfa meal were treated so as to remove certain substances 
and the residual materials incubated with soil in the laboratory for 
36 days. Treatments consisted of untreated residue, residue with 
ether soluble fraction removed, residue with, ether and alcohol soluble 
fractions removed, residue with ether, alcohol and water soluble frac­
tions removed, residue with ether, alcohol, water and alkali soluble 
fractions removed, residual cellulose, lignin, and alkaline extract of 
residue precipitated with SCI. Decomposition as measured by CO g 
evolution and nitrogen immobilization increased, when barley straw was 
used, with each succeeding treatment of the above series from untreated 
straw through and including residual cellulose. The lignin and humic 
acid fractions decomposed little during this time period. In cultures 
containing the alfalfa fractions, decomposition of all fractions from 
untreated alfalfa through the residual cellulose treatment was essen­
tially in reverse order to that of straw, with untreated alfalfa de­
composing at the greatest rate. This reversal was attributed to the 
higher content of water soluble substances of alfalfa the removal of 
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which rendered, the remaining fractions relatively less subject to 
decomposition when compared to untreated alfalfa. In connection with 
the straw residue Waksman stated that apparently the presence of lignin 
reduces the decomposition of the cellulose fraction. 
Although these variously prepared fractions ware not pure compounds, 
it is interesting to note, in view of data to be presented in the present 
study, that the ratios of carbon evolved to nitrogen immobilized were 
essentially constant for all fractions except the lignin and hcunic 
acid fractions. These ratios ranged from 16 to 18:1. In other work 
Waksman (45) found this ratio to be in the order of 7 to 8:1 for pure 
cultures of fungi in sand medium and 12:1 for pure cultures of bacteria. 
The higher ratios of the mixed cultures were attributed to secondary 
decomposition processes whereby the protoplasm synthesized by one group 
of organisms was decomposed by a succeeding group. He stated also that 
for different straw preparations this ratio was very definite (constant) 
but varied with the organisms carrying out the decomposition. 
Although the work cited thus far increased the knowledge of de­
composition processes greatly, perhaps a more fruitful experimental 
approach might be illustrated in work by Iritani and Arnold (20). 
These workers incubated eleven different vegetable crop residues by 
three different techniques and used simple and multiple correlation to 
determine the relative value of different residue properties in pre­
dicting nitrogen release from the residues. Correlation coefficients 
for nitrogen accumulation and initial total nitrogen of the residues 
were all >• 0.93, and for K release and water soluble 2? slightly less. 
When both total M and water soluble E were combined by multiple 
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correlation, the P. values were between O.96 and O.98 for the correlation 
of combined nitrogen on U accumulation. The water soluble il fraction 
was also found to be 1.5 to 2.2 times more influential in predicting 
nitrogen release than water insoluble nitrogen. Another reflection of 
the importance of the water soluble fraction was brought out by the fact 
that the COg evolved after 3.5 days was a better predictor (r=0.85) of 
S release than total COg after four weeks incubation (r=0.696). Total 
carbon of the residues was shown to have little effect on # release. 
Effect of age of plant on decomposition 
Since the nature and composition of plant residues affect their 
decomposition, their age or stage of maturity is also important. This 
fact was verified by Hill (18), Waksman and Tenney (48) and Lockett 
(27). In all cases younger plants were found to decompose more rapidly 
than mature plants. This effect was credited to the higher lignin 
content, lower nitrogen percentage, and smaller water soluble fraction 
of the mature residue. 
Effect of Hate of Residue Addition on Decomposition 
Studies on rate of residue addition have shown that greater de­
composition occurred with the larger additions but less on a percentage 
basis of added residue. Martin (30) added wheat straw to gallon pots 
of soil in the greenhouse at rates equivalent to 1, 2, 3 end 4 tons per 
acre. Greatest reduction of soil nitrates occurred in pots containing 
the 4 ten rate but per unit of added straw, the one ton level reduced 
nitrates the most. 
Broadbent and Bartholomew (6) followed the decomposition of oat 
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straw 'both in the absence and presence of soil by measuring the COg 
evolved. The rate of decomposition was found to be inversely related 
to the quantity of straw added. They concluded that microbial activity 
in soils may be limited by a combination of physical and biotic factors 
which restrict growth in proportion to the available space. The rates 
of residue applied by these workers were equivalent to 4, 16, and 64 
tons per acre, the latter rates being considerably higher than the 
rates normally applied to soils in the field. 
Hallam and Bartholomew (1?) used immature corn and soybean residues 
containing radioactive carbon to study the effect of rate of residue 
addition on the decomposition of soil organic matter. Higher rates 
resulted in greater losses of total soil carbon. However, decomposition 
of both the soil organic matter and of the added residues progressed 
more rapidly per ton cf added residue at the 2.5 and 10 ton per acre 
rates than at the 50 ton rate. 
Effect of Environmental Factors on Decomposition 
Environmental factors affect the decomposition of plant residues 
greatly but largely through their effect on soil microorganisms. 
Aeration 
Waksman and Tenney (50) compared the decomposition of corn stalks 
apart from soil under both aerobic and anaerobic condition;. The de­
composition of total residue as well as its hemicellulose, cellulose, 
and lignin fraction was found to be almost 100 per cent greater under 
aerobic conditions. Little, if any, net loss of the lignin fraction 
had occurred during 27 days incubation under either condition and only 
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20 per cent under aerobic conditions after 68 days. 
Hallam (16) compared the decomposition of both added corn and 
soybean residues as well as the decomposition of the soil organic matter 
at three oxygen levels. The partial pressures of oxygen used were 0, 
5 and 21 per cent. While the decomposition of both added residue and 
soil organic matter was inhibited approximately 20 per cent by reduction 
of oxygen to the zero level, no evident inhibition occurred at either of 
the two higher levels. 
Moisture 
The moisture level for greatest decomposition appears to be at or 
very near a tension of 50 cm of water. Bhaumik and Clark (3) used moisture 
tensions of 0, 1, 10, 50, 502, and 3,160 cm of water and found the ten­
sion at which ma-H Tmim carbon dioxide was evolved from 1 per cent addi­
tions of corn stover varied among five soils of widely differing 
textures. For coarse grained soils the maximum appeared at the higher 
tensions. For fine grained soils the maximum appeared at lower tensions. 
For all soils however, the maximum rate of C0g evolution was at or very 
near 50 cm of water. Maximum carbon dioxide was evolved from Clarion 
loam soil at a moisture tension of 502 cm of water. 
Hallam (16) used moisture tensions of 10, 100, 501, 5012, 15850, 
and 100,000 cm of water to study the influence of moisture on decomposi­
tion of plant and soil organic matter. Corn residue was added at rates 
of 0.1 and 0.5 per cent of the weight of soil. Both plant and soil 
carbon mineralization decreased with increasing water tension at both 
levels of residue. Little difference was noted for moisture at 10 and 
100 cm of tension or in the relative amounts of carbon mineralized 
11 
from plant or soil at "both, residue rates and all tensions used. 
Dubos (10) studied the effect of moisture on cellulose decomposi­
tion "by separate cultures of fungi, "bacteria, and actinomycetes. The 
moisture levels used were 30, 50, 80, and 95 per cent of the water 
holding capacity of the soil. Ho differences were noted for COg 
evolution "by fungi at the three lower moisture levels but evolution 
was greatly reduced at both the higher levels. Optimum for the bac­
terium, Spirocheta cytophaga. and for the actinoaycetes was 50 per 
cent of water holding capacity. 
Temperature 
The effect of temperature on plant residue decomposition is not 
well defined. Jensen (22) found an inverse relationship between both 
microbial numbers and nitrogen immobilized and temperature for a range 
of temperatures from 5° to 37° C. Bussell (33) stated that in general 
for the temperature range of 5° 0 to 30° 0, decomposition increased with 
temperature. Results of most workers confirmed the statement of Huesell 
rather than the results of Jensen. Broadbent and Stojanovic (7) found 
greater immobilization of nitrogen at 10° C than at 5° 0. Feher and 
Frank (14) reported greater numbers of cellulose decomposing organisms 
for incubations of soil at 25° 0 than for incubations at 17°, 21°, 
30° <r 35° C. Kuo (24) measured the decomposition of seven different 
residues apart from soil by measuring the loss in dry weight of the 
residue after incubation at temperatures of 15° 0, 25° C, and 35° C. 
Decomposition increased as temperature increased but differences were 
much greater between incubations at 15° C and 25° C than between in­
cubations at 25° C and 35° C. Total nitrogen determinations after 
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incubation showed amounts of organic nitrogen to increase as temperature 
increased. Little difference was found between incubations at 25° C 
and 35° C. 
Soil reaction 
Soil reaction has been shown to affect decomposition and microbial 
activity. Norman (34) noted immobilization of nitrogen during the de­
composition of straw to be more rapid under slightly alkaline conditions 
(p2 8.5-5.8) than under either neutral (pH 7.4-7.8) or slightly acid 
conditions (p2 5*0-5*5). The effects were attributed to differences in 
the character of the active flora. White, Holben and Jeffries (53) 
found a close relationship between reaction and the COg evolved from 
soil when the different p2 values were obtained by preincubating the 
same soil in the presence of different amounts of sulfur rather than 
having different soils of differing reaction. Dubos (10) found little 
difference in the amount of 00% evolved when cellulose was added to two 
soils of pH 5*5 and 6.8. lumbers of fungi were found to be greater at 
the more acid reaction, however, a result also found by Skinner and 
Mellem (41). 
Winsor and Pollard (54) measured nitrogen immobilization in 24 
different soils which ranged in p& from J.b to 8.0. Carbon was added 
at the rate of 2,000 parts per million as sucrose and nitrogen as 
ammonium sulfate at the rate of 200 ppm nitrogen to soil. Greater 
amounts of nitrogen were immobilized in soils with the higher p2 values. 
The correlation coefficient for nitrogen immobilized and soil p® was 
0.84, significant at .001 per cent level. 
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The Effect of Soil Colloids on Decomposition 
Ensminger and Gi es eking (11) prepared clay-protein complexes and 
used x-ray analysis to show that montmorillonite type clay minerals 
adsorb proteins within the variable portion of the 001 spacing of the 
crystal lattice. The effect was attributed to the cationic properties 
of proteins at acid reactions, later these workers (12) demonstrated 
a reduction in the base exchange capacity of these clays by adsorbed 
proteins. While expanding lattice type clays showed a marked reduction, 
the capacity of kaolinite was little affected. 
Several workers (2,13,28, and 37) since have used these prepared 
clay-protein complexes as well as dry mixtures of clay minerals and 
proteins in sand and soil to demonstrate that proteins in such prepara­
tions are more resistant to enzymatic hydrolysis by both purified 
enzymes and microorganisms. lynch and Cotnoir (28) as well as Allison, 
Sherman and Pinck (2) also used a number of organic substrates in 
addition to purified protein preparations. Essentially all the above 
workers found that an expanding lattice type clay, an acid reaction, 
and a low rate of organic addition favored a reduction in the amount 
of substrate hydrolyzed. Portland and Gieseking (32) presented data 
which showed that the decreased enzymatic hydrolysis of organic phos­
phorus compounds was due to the action of clay on the enzyme rather 
than of clay on the substrate. 
Earlier lignin was shown by Waksman and Iyer (k?) to have an effect 
similar to that of clay, in both liquid and sand cultures. Both the 
ammonia liberated from proteins and the COg evolved was less in the 
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presence of lignin than in its absence. This depression was noted for 
both mixed and pure cultures of microorganisms. 
,!he Effect, of Nitrogen Additions on Decomposition 
The quantity of nitrogen present has a marked effect on the rate 
of decomposition. The amount required to prevent harmful effects of the 
residues to crops is of practical significance. In greenhouse work 
using soil Pinck, Allison and Gaddy (36) found that the nitrogen level 
necessary to prevent nitrogen deficiency by wheat straw varied from 
1.2 to I.56/6. Waksman and Tenney (48) stated that when the nitrogen 
content of plants was about 1.7$, then it was just sufficient to cover 
the requirements of the microorganisms during decomposition. Iritani 
and Arnold (20) gave values of 1.7 to 1.9 for vegetable crop residues 
in soil. 
Manson (33) studied the effects of corn residue on nitrogen avail­
ability in soils and found Immobilization of nitrogen to increase with 
increased additions of BOnitrogen over the range of additions from 
approximately 20 to 80 ppm nitrogen to soil. Inorganic nitrate nitrogen 
was determined after 15» 30 and 45 days of incubation, and available 
nitrogen was found at all sampling dates. The author offered the 
following hypotheses to explain this effect. First in the presence of 
greater amounts of nitrogen the microbial population could increase 
more rapidly, utilizing greater quantities of nitrogen. Secondly, 
the type and predominance of microorganisms that require high amounts 
of nitrogen may be changed and/or "luxury consumption" may have occurred. 
Third, the positional availability with respect to the residue particles 
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and the microorganisms could he a partial explanation. If nitrate 
ions and the relatively large residue particles are assumed to be 
uniformly distributed in the soil, as the nitrogen concentration is 
increased, the mean distance that nitrate must diffuse to approach a 
residue particle or an area of high microbial activity decreases. 
Therefore more nitrogen would be available for microbial utilization 
at the higher nitrogen concentrations due to increased nitrogen within 
the attainable diffusion distances. 
Kuo (24) added different amounts of nitrogen as (HHj^gSO^ ranging 
from 5 to 45 mg nitrogen per g of cornstalk residue and measured changes 
in organic nitrogen during 42 days incubation in the laboratory in the 
absence of soil. Greater amounts of organic nitrogen were found at all 
nitrogen levels at the end of incubation than were present initially. 
Cultures which received the larger amounts of ammonium sulfate had less 
organic nitrogen present after incubation than those cultures which 
received the smaller amounts. When urea nitrogen was used as the added 
nitrogen source, no differences were found in organic nitrogen after 
incubation between cultures which had received small additions of urea 
and those which had received large additions. 
The author concluded that nitrogen supply, either native or added, 
had no appreciable influence on immobilization unless the supply was 
limiting to the growth needs of the microbes or uni ess nitrogen was 
added in large excesses. 
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Effect of Particle Size of Substrate on Decomposition 
Data from the literature showing the influence of particle size of 
substrate on its decomposition is limited. Frederick and Starkey (15) 
measured the acid produced by cultures of Thiobacillus thiooxidans and 
found an almost linear decrease in sulfur oxidatiea. with an increase 
in the logarithm of the size of sulfur particles less than 1.3 mm in 
diameter. For particles larger than this oxidation continued at a much 
slower rate. 
Waksman (46) and Bussell (33) both stated that a high degree of 
subdivision of added organic residues facilitated decomposition but 
neither presented data to substantiate these statements. 
Stickler and Frederick (43) used different particle size fractions 
of both tops and roots of four leguminous residues to study the effect 
of particle size on nitrate nitrogen release during 100 days of incuba­
tion. For alfalfa, red clover and Ladino white clover residues both 
root and top parts were ground separately into two size fractions, one 
group to pass a 60 mesh screen and one group to pass a one half inch 
screen. All size particles went through a period of net immobilization 
before net nitrate release occurred. Within each plant part group, 
coarse sized particles immobilized less nitrogen and released greater 
amounts of nitrogen than did corresponding finely ground residue. 
Less immobilization and earlier nitrate release occurred from top 
materials than from roots. Sweet clover roots were divided into five 
particle size groups, the finest being <: 60 mesh material and largest 
being approximately 10/64 X 3/4 inches. Net nitrate release occurred 
1? 
in cultures containing the largest particles at all sampling dates with 
no apparent net immobilization. Finer particles immobilized more 
nitrate and showed net nitrate release only after 43 days of incubation. 
Among these finer fractions no apparent relationship existed between 
particles size and intensity or duration of immobilization, or cumu­
lative nitrate release. 
A large literature exists on the subject of plant residue decomposi­
tion in soil. Laboratory studies have shown decomposition and accompany­
ing nitrogen immobilization to be greater than field observations would 
indicate. In laboratory studies the residues were added in a finely 
ground state whereas in most field studies the residues were applied 
unchopped. Additional study was needed to elucidate the basic patterns 
of residue particle size effects during decomposition. The following 
work was undertaken with these views in mind. 
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MATERIALS AND METHODS 
Materials 
Plant material 
Residue additions for all experiments consisted of either corn­
stalk pith or alfalfa roots. The cornstalk pith was taken from the 
three internodes below the ear of mature corn stalks grown on an un­
fertilized plot in a continuous corn rotation at the Ames agronomy farm 
in 1957» Results obtained by Latshaw and Miller (26) and by Ladd (25) 
for the analysis of the elemental and chemical composition of individual 
cornstalks, respectively, indicated that the variability among stalks 
of the same plot uniformly treated was slight. The stalks were cut in 
late fall stored air dry. The epidermis and sclerenchyma tissues were 
removed from the pith shortly before each experiment. The moisture 
content of the air dry pith was approximately 9 per cent. 
The alfalfa roots were dug from a 4 year old alfalfa stand at the 
Kanawha experimental field in November, 1959» The roots were taken into 
ths laboratory and the soil removed from them with water. Only segments 
of root from one inch below the crown to 13 inches below the crown were 
used. The segments were dried in an oven at 70° C until constant weight 
was obtained and then stored until used. 
Particles of plant materials having different size ranges were 
obtained in the following manner: the residues were cut into particles 
approximately two inches in length, mixed thoroughly and subdivided 
into five groups in case of the cornstalk pith and into three groups in 
case of alfalfa roots. Each group was then cut by hand or ground in a 
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Wiley mill to pass a certain size sieve. Size ranges of particles 
obtained are shown in Table 1 along with.the total nitrogen content of 
each size group. Only the < 0.25 and 0.25-2.38 mm fractions were 
ground in the Wiley mill. The remainder were cut by hand. The largest 
Table 1. The total nitrogen content of various particle size fractions 
of cornstalk pith and alfalfa roots 
Residue Particle size 
nun 
Total nitrogen 
* 
Cornstalk pith < 0.25 0.41 
0.25-2.38 0.47 
2.38-4.76 0.46 
4.76-7.9 0.41 
approx. 19 0.42 
Alfalfa roots < 0.25 2.45 
2.38-4-76 2.55 
approx. 15 2.44 
particles for both the alfalfa and corn residue were prepared by cutting 
single particles to a weight equal to the weight of the total residue 
added for each of the other particle size fractions. Pith particles of 
this size range weighed 0.3 g and were approximately l/2 X 3/4 X 1 inch 
in size. 
Media 
Bulk samples of Clarion sandy clay loam from either a continuous 
corn plot or from a nearby meadow area were taken and used in all 
incubations involving soil. The soil was rapidly air dried at room 
temperature after removal from the field, screened through an 8-mesh 
sieve and stored until used. Some of its characteristics are given in 
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Table 2. 
Table 2. Properties of Clarion sandy clay loam from the agronomy farm, 
Ames, Iowa 
Past management Sand 
i 
Silt 
* 
Clay $ Total H 2 
Total C 
2 
if 
Continuous corn 49.2 27.2 23.6 0.162 1.41 6.0—6.4 
Meadow 55.6 21.7 22.7 0.157 1.30 6.8-7.2 
Sand 
Ottawa^ white silica sand of commercial grade was used in all 
experiments involving sand. 
Vermiculite 
Fine exploded vermiculite of the commercial brand "Terralawn" and 
of finish plaster grade was used in all experiments involving vermiculite. 
Methods 
General incubation methods and treatments 
Laboratory incubation experiments were carried out in pint Mason 
jars with either mixtures of (a) soil and sand, (b) soil and fine ex­
ploded vermiculite, (c) sand and fine exploded vermiculite or (d) sand 
alone. Amounts of sand or incubation media varied from 100 to 200 
grams. Various particle size fractions of cornstalk pith or alfalfa 
^Ottawa Silica Company, Ottawa, Illinois. 
^Western Mineral Products Company, Denver, Colorado. 
21 
roots were added at rates varying from 0.15 g to 0.6 g per 100 g of 
incubât ion mixture, or at rates equivalent to 1.5 to 6 tons of residue 
per acre. All residue and soil rates were based on oven dry weights. 
The plant materials and incubation media were mixed thoroughly while 
air dry. Care was taken to insure that the residue of large particle 
size was completely covered by the medium. 
Nitrate nitrogen was added as Ca (KO^g-^HgO in sufficient water 
to bring the moisture tension of the system to approximately 350 cm of 
water. Rates of nitrogen varied from 2.5 to 16 mg of nitrogen per 100 g 
incubation medium. These rates were equivalent to $0 to 320 pounds of 
nitrogen per acre. The nitrate solution also contained 1 g of KgHPO^ 
per liter. 
Two hours after moistening the samples were gently shaken by hand 
to improve aeration conditions, covered with polyethylene film and 
incubated at 25° C in a constant temperature room. Aeration was assumed 
to be adequate (44) while moisture loss was slight. Samples from which 
carbon dioxide was collected were sealed with jar lids. 
In experiments carried out in the absence of soil, a mineral medium 
similar to Dubos®s cellulose medium (9) was used. Calcium nitrate was 
added as the nitrogen source and the suggested cellulose was deleted. 
A 2 ml aliquot of a concentrated soil suspension was added to each jar 
as an inoculum. The inoculum was prepared by adding 225 ml of cold 
tap water to 100 g of a soil-exploded vermiculite-pith mixture which bad 
been incubating in Mason jars for 10 days at 25° C. Forty ml of S^0 
had been added prior to incubation. The jars were then shaken 5 minutes 
on a mechanical shaker. The inoculum was added with a 2 ml syringe 
22 
after the suspension had teen shaken back and forth 25 times "by hand 
and allowed to stand 1 minute. The soil suspension was again shaken 
25 times and the cycle repeated after each succeeding 8 aliquots were 
withdrawn. 
A factorial arrangement of treatments within a completely randomized 
experimental design was used in all experiments. All treatments were 
replicated at least 4 "but not more than 10 times. Sufficient samples 
were set up at zero time so that the entire sample could be analyzed at 
each sampling date. 
Calculations 
Immobilization of nitrogen was calculated as the difference in 
inorganic nitrogen between the treatment (incubation medium plus residue) 
and the check (incubation medium). (îTo-E+=Himmob. ) Both were incubated 
the same length of time. 
Calculations of the square root of the mean diameter of each particle 
size fraction were based on the following assumptions; first, that 
particles of the 4 smaller fractions were all cubes; secondly, that par­
ticles of the < 0.25 mm and 0.25-2.38 mm fractions fell in a normal 
distribution about the mean of their respective size fractions; third, 
that the 2.38-4.76 and 4.76-7-9 mm fractions assumed a normal distribution 
about the upper limit of their respective size fractions; and fourth, 
that the 19 mm fraction assumed a normal distribution about 19 mm since 
these particles were approximately l/2 X 3/4 X 1 inch in size. 
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Analytical Methods 
Ammonium and nitrate nitrogen 
Ammonium and nitrate nitrogen was determined "by the method of Black 
(4) slightly modified. One N NaCl acidified to 1 to 1.2 with SCI was 
used to extract the ammonium from the soil by shaking. Filtrates were 
distilled in the presence of MgO into 30 ml of a 4 per cent "boric acid 
solution containing a mixed indicator (20 mg of brom cresol green and 
4 mg of methyl red per liter). Hitrate nitrogen was determined by 
subsequent distillation of the same sample in the presence of Devarda's 
alloy. Since in initial studies only nitrate nitrogen was recovered at 
any sampling date, essentially all samples in later studies were ex­
tracted with water only. Random samples were checked for ammonium by 
sodium chloride extraction at each sampling date. 
To establish the recovery of nitrate added to mixtures of both 
soil and sand and to mixtures of sand and exploded vermiculite, a series 
of solutions were prepared having a range of nitrogen contents from 20 
mg to 0.62 mg per 10 ml of solution. A 10 ml portion of each solution 
was then diluted to 240 ml of water and analyzed for nitrate. Also 10 
ml of each solution were added to either a mixture of 100 g soil and 
100 g of sand or to a mixture of 85 g sand and 15 g of fine exploded 
vermiculite prior to the addition of 240 ml of EgO and subsequent dis­
tillation by the above procedure. The range of nitrate additions as 
well as the net amounts of nitrate recovered are shown in Table 3* 
Carbon dioxide evolution 
A vial containing 20 ml of 0.1 H KaOH was placed in each jar at 
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Table 3» Recovery of nitrate nitrogen from water solutions, mixtures of 
100 g of soil and 100 g of sand, and from mixtures of 85 g of 
sand and 15 g of fine exploded vermiculite after zero time 
incubation 
Calculated 
nitrate 
addition 
mg E/jar 
Recovery from 
SgO solutions 
mg 5/jar* 
Recovery from 
soil-sand 
mixtures 
mg E/jar* 
Recovery from 
sand-verm, 
mixtures 
mg H/jara 
0 0.45 0.85 0.55 
0.62 0.73* 0.60* ~ 
1.25 1.18 1.18 
2-50 2.43 2.23 — — 
5.0 4.80 — 4.86* 
10.0 9-98 — 9.76 
15.0 14.73 — 14.70 
20.0 19.83 — 20.25 
aAll values are the mean of three determinations. 
^Values represent total nitrate nitrogen less zero addition values. 
the initiation of each experiment. The excess base after varying time 
periods was titrated with 0.1 N HC1 using phenolph thalein as the in­
dicator. Prior to titration excess BaClg was added to precipitate the 
carbonate. Determinations were made daily for S days and at various 
time periods thereafter. 
Total nitrogen 
Analysis of total nitrogen for soil and plant materials was deter­
mined as outlined by Black (4) with modifications. Kel-Pak Powders 
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No. containing HgP, E^SOj), and. CuSO^ was used to raise the tempera­
ture of the digestion mixture and as catalysts. Eight hundred ml 
Kjeldahl flasks were used for digestion and 250 ml of EgO were added 
after digestion. Ninety-nine per cent of the nitrogen added as 1, 3 
diphenylguanidine was recovered by this procedure. 
Total carbon 
Total carbon of the soil was determined by the dry combustion 
method of Black (4). 
Soil reaction 
The determination of p^ was made by a line operated, glass electrode 
pS meter. The ratio of soil to water ranged from 1:1.2 to 1:4. 
Particle size distribution 
Mechanical analysis was made using the Bouyoucos method (5). The 
soil was dispersed with saturated sodium oxalate, and readings taken at 
40 seconds and two hours. 
Biological Methods 
General -population 
The general bacterial and actinomycete population was plated on 
sodium albumenate agar of Waksman and Fred as given by Johnson et al. 
(23) • The soil dilution procedures used were also those of Johnson 
et al. Dilutions of samples containing the single 19 mm particles were 
made following the procedure for rhizosphere counts. The residue 
particle and adhering soil was removed from the incubation medium and 
•^Laboratory Reagents, Inc., Kansas City, Missouri. 
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placed in 95 ml water for shaking and serial dilutions. Counts were 
"based on the oven dry weight of soil adhering to the pith particle. 
The dry soil weighed 1.86 g and the pith remaining after shaking 0.14 g. 
For counts one-half inch away from the pith particle, 5 ê of soil was 
used. For all other counts 25 g soil samples were used. 
Fungi 
The fungal population was plated on peptone dextrose agar as given 
by Johnson et al. (23). 
Counts 
Counts of bacteria and actinomycetes were made after 6 days incuba­
tion at 25° C. Counts of fungi were made after 4 days incubation at 
25° c. 
Statistical Analyses 
The experimental data were analyzed by analysis of variance in most 
cases. Linear regression equations were derived as outlined by Snedecor 
(42). 
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RESULTS AHD DISCUSSION 
Studies were designed to test the hypothesis that residue decomposi­
tion in soil was inversely related to residue particle size. To attain 
this objective, laboratory incubations of residue particles of different 
size were carried out under conditions varied to include: (a) different 
amounts of residue and nitrogen, (b) soils of different management 
history, (c) residues of different kind and nitrogen content, and (d) 
systems free of inorganic soil colloids. Data showing the effect of 
residue particle size on microbial numbers will be presented and dis­
cussed first followed by results showing the influence of particle 
size on microbial activity. 
Influence of Residue Particle Size on Microbial Numbers 
The effect of residue particle size on the distribution of micro­
organisms was studied. Plate counts of fungi, as well as bacteria and 
actinomycetes, were made prior to incubation on mixtures of 50 g soil 
and 50 g sand to which had been added 0.3 g cornstalk pith of <• 0.25 mm 
size particles. Counts were also made on similar mixtures after 12 days 
incubation, on mixtures without residue which had been incubated 12 
days and on mixtures containing pith of 19 urn size after 12 days in­
cubation. All mixtures had received 5 ™ë nitrate nitrogen prior to 
incubation. 
Addition of residue to soil whether finely ground or left as a 
single particle greatly accelerated microbial numbers after incubation 
as shown in Table 4. No significant difference was noted between 
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Table 4. Effect of residue and particle size on the numbers of 
microorganisms in soil 
Incubation 
period 
(days) 
Microbial numbers 
Soil treatment Fungal 
Bacteria and 
actinomycetes 
Thousands/g soil Millions/g soil 
<. 0.25 no residue 0 33.4 ± 4.7b 7.3 - 0.3 
Ho residue 12 31.4 ± 1.4 40 ± 6.4 
•£0.25 son residue 12 132 ± 26 152.4 ± 8.4 
19 mm residue 
(at residue particle 
surface) 12 5,000 ± 2,000 66,200 ± 5,560 
19 mm residue 
(l/2 to 1 inch away 
from residue particle) 12 50 ± 9 313.2 ± 40.8 
Values after ± refer to average deviation from the mean based on 
colony counts from 5 plates. 
fungi numbers in soil incubated 12 days and in soil treated with < 0.25 
mm residue incubated zero days. Bacterial and actinomycete numbers were 
significantly higher in soil incubated 12 days. Particle size of 
residue greatly affected the distribution of microorganisms in soil. 
Very large numbers of fungi as well as bacteria and actinomycetes were 
found at the surface of the 19 mm particle. Soil taken one half inch 
away from the residue particle contained only about l/lOO as many fungi 
and l/200 as many bacteria and actinomycetes as soil adhering to the 
residue surface. Relatively, larger numbers of bacteria and actinomycetes 
occurred at the surface of the particle when compared to fungi at both 
locations. Apparently, the location of the residue affects not only 
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the numbers of organisms at various distances from the residue but 
also the relative numbers. 
Numbers of bacteria and actinomycetes in soil incubated in the 
presence of < 0.25 mm residue were less after 12 days incubation than 
in soil incubated in the presence of the 19 mm residue. Fun#l numbers 
were higher in soil treated with the fine residue than in soil in­
cubated one half inch from the larger residue, but lower than in soil 
near the surface of the large residue. Comparisons of particle size 
effects on microbial numbers involving the 19 mm residue have to be 
made with caution since the values obtained were for numbers of organisms 
in soil zones near the residue particle and are not representative of 
the entire system. The counts would be more meaningful if numbers for 
the total systems could be obtained. Counts based on numbers per g 
residue instead of numbers per g soil may also be more meaningful. The 
general conclusions would remain the sane for all comparisons except: 
(a) fungpl numbers after incubation for the 19 mm residue (at the surface) 
and the <0.25 mm residue, and (b) bacterial and actinomycete numbers after 
incubation for the 19 mm residue (one half to one inch away from the 
residue particle) and the 4. 0.25 mm residue. 
Influence of Particle Size and Amounts 
of Residue on Decomposition in Soil 
Various particle size fractions of cornstalk pith were added to 
a mixture of 90 g Clarion soil and 10 g of fine exploded vermiculite at 
rates of 0.3 and 0.6 g of residue per 100 g of the mixture. Three and 
five tenths mg of nitrate nitrogen were added per jar and the mixtures 
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incubated for varying time periods up to 52 days. Particle size and 
check treatments were replicated 4 times at each of 2 residue levels. 
Influence of particle size on COg-carbon evolution 
The amount of COg evolved was inversely related to residue part * ;*!e 
size as shown in Figure 1. A tendency for the finest particles to •* 
compose more slowly appeared to exist during the first 8 days of ihww. • 
tion "but thereafter differences for size below 2.4 mm in diameter were 
barely significant at the 5 per cent level. Figure 2 shows that the 
initial depression of activity in the < 0.25 mm fraction did not occur 
when 0.6 g of residue was added, nor were the < 0.25 mm and 0.25-2.38 mm 
fractions significantly different at the 5 per cent level during the 
remainder of the decomposition period. The < 0.25 mm fraction was con­
sistently lower than the 0.25-2.38 mm fraction. 
Mtrates were not present in the two finest fractions at the 0.6 g 
residue level during the 8 to 26 day period. Since nitrogen was limiting 
at some time during the course of the incubations for both of these size 
fractions, it cannot be determined if the same factors were operating at 
this residue level as were operating at the 0.3 g level. Nitrogen 
deficiency for the 2 finest size fractions may explain the lowered 
activity for these two fractions when compared to the 2.38-4.76 mm 
fraction at the 0.6 g residue level. 
A comparison of the COg-carbon evolved at two levels of residue may 
be made by observing Table 5« Considering all particle sizes and sampling 
dates the higher residue rate evolved from 1.4 to 3*3 times more net 
carbon than did the lower rate at corresponding sampling dates and 
particle sizes. 
Figure 1, COg-carbon evolved during the incubation of 0.3 g of various particle size fractions of 
cornstalk pith in Clarion soil and in the laboratory at 25° 0 for 52 days 
< 0.25 mm. 
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F:lgure 2. COg-carbon evolved during the incubation of 0.6 g of varioua particle size fractions of 
cornstalk pith in Clarion soil and in the laboratory at 25° 0 for 52 days 
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Table 5» COg-carbon evolution when 0.3 and 0.6 g of different particle size fractions of cornstalk 
pivh were mixed with 100 g aoil and vermiculite and Incubated in the laboratory at 25° C 
Pith 
particle 
size 
(mm) 
Pith added 
to 100 g 
mixture 
(g) 
Days Incubation 
2 
(mg 0)a 
4 
(mg C) 
8 
(mg C) 
16 
(mg C) 
26 
(mg 0) 
52 
(mg C) 
< 0.25 0.3 4.1* 7.3 15.1 42.3 58.4 78.8 
0.6 12.4 24.2 41.6 62.4 82.8 127.1 
0.25-2.38 0.3 6.7 14.2 27.2 47.4 63.8 79.5 
0.6 13.5 28.4 48.0 67.3 87.8 128.6 
2.38-4.76 0.3 7.6 15.0 25.2 38.2 51.2 72.5 
0.6 14.5 28.1 47.5 70.1 93.9 139.5 
19 0.3 5.3 9.2 14.6 23.1 33.8 51.1 
0.6 11.7 19.6 31.2 49.2 67.5 93.6 
Soil alone0 0.0 1.6 3.0 4.5 6.6 9.7 11.5 
^Values for each particle size fraction are mean values for 4 jars and refer to net COg carbon 
evolved, (total COg-carbon minus COg-carbon from soil alone). 
bLeaet significant difference at the 5 per cent level 6.1 mg carbon. 
°Values for soil alone refer to mg COg-carbon evolved from 100 g of the mixture, (soil plus 
vermiculite plus nitrate). 
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The ratio of carbon evolved from the 0.6 g level to that evolved 
at the 0.3 5 level was approximately 2:1 during the first 8 days of 
incubation. After 52 days this ratio vas considerably less than 2:1 
in samples containing the finer residue fractions but had changed little 
in the two larger fractions. If this ratio change in the finer fraction 
was due to nitrogen deficiency, then the highly significant particle 
size-residue level interaction noted in Table 6 might thus be explained. 
In the analysis of variance shown in Table 6 all main effects and inter­
actions tested were significant at greater than the 1 per cent level. 
That residue level was highly significant was not surprising in view 
of the work of Hal lam (16) with rates of residue additions. 
Table 6. Analysis of variance of the net COg-carbon data obtained by 
incubating 0.3 g and 0.6 g of various particle size fractions 
of cornstalk pith for 52 days in the laboratory at 25° C 
and in Clarion soil 
Source of Degrees of Mean 
variation freedom squares 
Incubation (I) 5 33,105.95 
Particle size (P) 3 2,864.58** 
Residue level (L) 1 29,338.68** 
I x PS 15 265.77** 
I I I  5 1,827.55** 
PS x L 3 140.97** 
I x PS x L 15 51.79** 
Jars/trts/I 144 19.01 
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Influence of particle size on nitrate nitrogen immobilization 
Nitrate immobilization increased markedly as particle size of 
residue decreased. Figure 3 shows that samples containing residue of 
< 0.25 mm immobilized almost 6 times more nitrate than did those con­
taining single particles of 19 mm size after 16 days incubation. After 
26 days, mineralization of nitrogen was initiated in the finer material 
and the differences narrowed. Values for the three larger sized frac­
tions appear to be slightly higher at 52 days than at 26 although these 
differences are not significant at the 5 per cent level. Immobilization 
in samples containing the < 0.25 mm fraction was slightly less than the 
0.25-2.38 mm fraction for approximately the first 10 days. These 
differences are probably real because the same trend existed in the 
COg-carbon data for the 0.3 g residue level shown in Table 5 and Figure 1. 
Table 7 shows that much more total nitrate nitrogen was immobilized 
at the higher rate of residue addition for all particle sizes throughout 
the experiment. However after 8 days of incubation Immobilization per 
unit of added residue was less for the higher rate of addition. These 
results agree with those of Martin (30). Comparison of particle size 
effects on immobilization of nitrogen at two levels of residue is 
confounded by the immobilization of all the available inorganic nitrogen 
by the two finer residue fractions at the 0.6 g residue rate. Nitrate 
immobilization did decrease with increasing particle size of residue at 
both rates of residue addition. 
Particle size effects on soil reaction (ps) with time are shown 
in Table 8. Little difference was noted between levels of residue. The 
pH increased at both levels approximately 0.5 of a p^ unit in samples 
Figure 3. Mg of nitrate nitrogen immobilized during 52 days incubation of 0.3 gm of various particle 
size fractions of cornstalk pith in Clarion soil in the laboratory 
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Table ?. Nitrate nitrogen immobilization when 0.3 g and 0.6 g of different particle size fractions 
of cornstalk pith were mixed with 100 g soil and vermiculite and incubated in the laboratory 
for 52 days at 25° 0 
Pith 
particle 
size 
(mm) 
Pith added 
to 100 g 
mixture 
(g) 
Days incubation 
2 
(mg N)a 
4 
(mg N) 
8 
(mg N) 
16 
(mg N) 
26 
(mg N) 
52 
(mg N) 
< 0.25 0.3 
0.6 
0.8* 
1.2 
0.8 
2.2 ^c !l
0c 
0.25-2.38 0.3 
0.6 
0.9 
1.1 
1.5 
3-2 
3.9 
5.0 
4.0 
5.5 
2.38-4.76 0.3 
0.6 
0.9 
0.9 
1.5 
1.9 
2.1 
3.7 
2.5 
4.1 
2.8 
4.2 
3.3 
4.9 
19 0.3 
0.6 
0.0 
0.2 
0.5 
0.0 
0.8 
0.9 
0.8 
1.5 
0.7 
0.9 
1.0 
2.2 
^Values for each particle size fraction are mean values for 4 jars and refer to nitrate 
nitrogen immobilized, (nitrate nitrogen in non-residue treated soil minus nitrate nitrogen in 
residue treated soil). 
^Least significant difference at the 5 per cent level was 0.4 mg M. 
°A11 available nitrate was immobilized in these samples at these sampling dates. 
Table 8. Soil reaction (pH) when 0.3 g and 0.6 g of different particle size fractions of cornstalk 
pith were mixed with 100 g soil and vermiculite and incubated in the laboratory for 52 
days at 25° 0 
Pith 
particle 
size 
(me) 
Days incubation 
0 
(P%) 
2 
<PH) 
4 
(PH> 
8 
<ph> 
16 
(pH) 
26 
<pH) 
52 
(PH) 
< 0.25 6.0 
6.0 
6.0 
6.0 
6.1 
6.2. 
6.2 
6.3 
6.5 
6.4 
6.4 
6.5 
6.3 
6.2 
0.25-2.38 6.0 
6.0 
6.0 
6.0 
6.1 
6.2 
6.2 
6.2 
6.4 
6.5 
6.3 
6.3 
6.2 
6.2 
2.38-4.76 6.0 
6.0 
6.0 
6.0 
6.1 
6.2 
6.2 
6.2 
6.3 
6.5 
6.2 
6.3 
6.0 
6.2 
19 6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
5.9 
6.1 
6.1 
5.9 
6.0 
6.0 
6.0 
Check 6.0 6.0 5.9 5.9 5.9 5*9 5.7 
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containing the fine residues after 16 days incubation. The pH of samples 
containing the 19 mm particles changed only 0.1 of a pH unit during the 
same time period. 
The increased p5 with time of Incubation was likely due to the re­
moval of nitrate from the system, since the pH lowered again once 
mineralization processes became more pronounced. The pH measured was 
the pB 0f the total sample. In samples containing the 19 mm residue, 
the p8 at the surface of the particle where decomposition occurred may 
have been quite different from the values recorded for that fraction. 
Differences in both COg-carbon evolved and nitrate immobilized may thus 
be due in part to differences in pH. 
Statistical analyses were made of the Immobilization data for the 
0.3 g residue rate and are shown in Table 9» Mean squares for both 
residue particle size and the interaction of particle size and incubation 
were significant at greater than the 1 per cent level. On the basis of 
the relatively large mean square for incubations as well as the data 
presented in Figure 3 and Table 7 one would judge the mean square for 
incubations to also be significant. However it was not tested since in 
the experimental design used no valid error term could be calculated. 
To predict the amount of nitrate immobilized by the various par­
ticle size fractions used at an incubation time selected to be near 
maximum immobilization, a regression analysis of the 26 day data for the 
0.3 g residue level was made. In Figure 4 the regression equation was 
z\ a 
T = 4.996-0.98% where I is an estimate of the nitrate immobilized and 
X is the square root of the mean diameter for residue particles. For 
0.3 g residue, maximum immobilization was 4.996 mg nitrate nitrogen; 
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Table 9* Analysis of variance of the nitrogen immobilization data 
obtained by incubating 0.3 g of various particle size fractions 
of cornstalk pith for 52 days in the laboratory at 25° C and 
in Clarion soil 
Source of Degrees of Mean 
variation freedom squares 
Incubations (i) 5 17.37 
Particle size (PS) 3 26.83** 
I x PS 15 1.85 
Jars/1 and PS 72 0.075 
the amount was linearly and inversely related to the square root of the 
mean diameter of residue particles. The correlation coefficient was 
found to be significant at greater than the 1 per cent level. 
Relation of Particle Size and Nitrogen Concentrât!en 
During Decomposition of Cornstalk Pith in Soil and Sand 
Results of the previous study suggested that nitrogen was deficient 
at the site of decomposition of the 19 mm residue even though the system 
as a whole contained ample nitrate nitrogen at all sampling dates. If 
nitrogen was deficient at the decomposing site for these large particles, 
differences in COg evolved or nitrogen immobilized between particle size 
fractions of residue should become smaller with increasing nitrogen 
added, since with the 19 mm size particle, COg evolved and nitrogen 
immobilized should increase with increasing nitrogen added. 
Figure 4. Nitrate nitrogen immobilized in the presence of 0.3 g of various particle size fractions 
of cornstalk pith during 26 days incubation 
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Experiments 1 and 2 
In different experiments, calcium nitrate was added at rates of 
4, 8, 12 and 16 mg H per 100 g soil-vermiculite mixture (Clarion cul­
tivated soil, Experiment l), and at rates of 2.5, 3.75, 5*0 and 6.25 mg 
E per 100 g soil-sand mixture (Clarion meadow soil, Experiment 2). 
The particle size fractions of cornstalk pith used were Z 0.25 mm, 
2.38-4.76 mm and 19 mm in Experiment 1 and < 0.25 mm, 0.25-2-38 mm, 
2.38-4.76 mm, 4.76-7.9 mm and 19 mm in Experiment 2. All treatments in 
Experiment 1 were replicated 4 times while in Experiment 2 the 0.25 
mm and 0.25-2.38 mm fractions were replicated 4 times, the 2.38-4.76 mm 
fraction 6 times and the 4.76-7.9 mm, 19mm and check treatments 8 times. 
Cornstalk pith was added at the rate of 0.3 g/100 g incubation mixture 
in Experiment 1 and at the rate of 0.15 g/lCC g of incubation mixture 
in Experiment 2. 
Effect of particle size and nitrogen concentration on C0g evolution 
in cultivated soil Data in Table 10 show a decrease in COg-carbon 
evolved with increasing particle size at all levels of nitrogen at the 
end of 32 days decomposition, but similar trends were found at other 
incubation periods (Appendix Table 32). Differences were greater at 
the 4 mg nitrogen level than at the 8, 12 or 16 mg levels. Carbon loss 
for the 19 mm fraction was significantly lower than the two finer frac­
tions at all levels of nitrogen. 
Analysis of variance of the yi day data are shown in Table 11. 
All main treatments and treatment interactions were either significant 
or highly significant. The check soil values were included in this 
analysis to evaluate the effect of residues vs. no residue. As expected 
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Table 10. Effect of particle size of cornstalk pith and nitrate nitrogen 
additions on net COg-carbon evolved during 32 days incubation 
in the laboratory 
Pith 
particle 
size 
(mm) 
Kitrate additions (mg n per jar) 
4 
(mg C) 
8 
(mg C) 
12 
(mg C) 
16 
(mg C) 
z, 0.25 62.1* 55-8 51.5 46.8 
2.38-4.76 54.7 52.3 51.0 49.5 
19 43.6 41.3 40.6 38.2 
Check soil13 13-9 13.0 10.7 11.4 
aValues are the means of 4 replicates. Least significant differ­
ence at the 5 per cent level 4.8 mg carbon. 
^Values for check soil refer to means of 4 jars treated with nitrate 
but not residue. 
the large sum of squares for the residue treatment was due mainly to 
residue additions and not to particle size effects. Also the highly 
significant interaction between residue and nitrogen levels was due more 
to the effect of residue vs. no residue at different nitrogen levels 
rather than to interaction between particle size and nitrogen. 
With reference to Table 10 the CO £-carbon evolved was inversely 
related to nitrogen additions. The reduction in CO^ evolution was much 
less with the 19 mm particles than with the finer residue. This reduc­
tion may be largely a salt concentration effect rather than a specific 
toxic effect of nitrate as shown later in Experiment 3* Differences 
due to particle size were narrowed at higher levels of nitrogen but 
the amount of this effect which can be attributed to nitrogen concen­
tration remains obscure in the presence of inhibitory factors at 
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this level. 
Table 11. Analysis of variance of the CO£-carbon evolved during 32 
days incubation in the laboratory when Clarion soil was 
treated with residue of varying particle size at 4 nitrogen 
levels 
Source Degrees of 
freedom 
Sum of 
squares 
Mean 
square 
Residue (B) 3 30,384.6 10,128.2** 
Hitrogen (N) 3 793.8 246.6** 
US 9 283.0 31.4** 
Jars/treatments 48 498.4 10.4 
Residue: 
Particle size 
(PS)/residue 2 1,604.42 802.21** 
Residue vs. 
no residue 1 28,780.18 28,780.18** 
Interaction: 
PS/residue x K 6 159.25 26.54* 
Residue vs. 
no residue x 5 3 123.75 41.25** 
Effect of particle size and nitrogen concentration on COg evolution 
in meadow soil Results for COg evolution for this experiment showed 
the same patterns and trends as Experiment 1 and thus in most instances 
support the findings previously discussed. Differences due to nitrate 
or particle size treatments were smaller than those found in Experiment 1 
as expected. Mean values for CO carbon evolved after 32 days shown in 
Table 12 reveal the same trends found after 8 days and which existed 
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Table 12. COg-carbon evolved when 0.15 g of various particle size 
fractions of cornstalk pith were incubated 32 days at 
nitrogen levels of 2.5» 3*75, 5»0 and 6.25 mg per 100 g 
of sand and soil mixture 
Pith 
particle 
size 
(nun) 
Nitrate nitrogen added (mg/l00 g soil) 
2.5 
(mg C) 
3.75 
(mg C) 
5.0 
(mg C) 
6.25 
(mg C) 
<0.25 84.5®* 83.1 77.7 73.8 
0.25-2.38 88.5* 81.7 79.2 78.7 
2.38-4.76 83.7e 81.6 76.8 76.4 
4.76-7.9 82. ld 79.9 73.9 74.1 
19 71. od 73.1 71.2 71.5 
Check soil 27.2d 27.3 26.3 23.8 
*Talu.es are the mean of 4 replicates. 
^Least significant difference at 5 percent level for comparing 
treatments of (l) 4 reps with 4 reps 5*9 mg C, (2) 4 reps with 6 reps 
5.5 mg carbon, (3) 4 reps with 8 reps 5«2 mg carbon, (4) 8 reps with 
6 reps 4.6 mg C, and (5) 8 reps with 8 reps 4.2 mg C. 
Values are the mean of 6 replicates. 
^Values are the mean of 8 replicates. 
throughout 64 days incubation (Appendix Table 33). A reduction in CO g 
evolved may be noted with increasing nitrogen levels for all particle 
size fractions with exception of the 19 mm fraction. There were no 
gross differences among nitrogen levels within this particle size 
fraction and values for net carbon evolved showed a 3*9 mg increase for 
the 6.25 mg nitrogen level over the 2.5 mg level. The check soil (meadow) 
evolved much greater amounts of carbon than did soil used in previous 
4? 
experiments from the continuous com plot. 
Carbon data for the 32 days incubation were analyzed by analysis 
of variance which, are shown in Table 13. The main treatments but not 
their interactions were highly significant. Subdivision of the residue 
effect into particle size treatment effects and residue vs. no residue 
effects showed the large sum of squares for residue to be largely due to 
the residue treatment rather than to particle size effects. Mean square 
for particle size was highly significant however. The fact that the 
H x 5 interaction was not significant at this nitrogen level as compared 
to its high significance at the higher range of nitrogen levels pre­
viously discussed indicates that this significance at the higher 
nitrogen range can be attributed to salt effects on microbial activity 
rather than to nitrogen. Or the interaction may be a salt x residue 
interaction rather than a nitrogen x residue interaction. 
Effect of -particle size and nitrogen concentration on nitrate 
nitrogen immobilized in cultivated soil Since immobilization was 
greatest after 32 days incubation for all nitrogen levels, the 32 day 
data for Experiment 1 are shown in Table 14. Data for other periods of 
incubation may be found in the Appendix, Table Jk. Within each nitrate 
level immobilization decreased with increasing particle size and differ­
ences between particle size fractions were all significant. However 
no consistent differences were noted between nitrogen rates. 
An analysis of variance was made of the data shown in Table 14 and 
is summarized in Table 15. The mean square for particle size was highly 
significant while the one fornitrogen additions was significant at the 
10 per cent level. 
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Table 13. Analysis of variance for COg-carbon data obtained after 32 
days incubation of various particle size fractions of corn­
stalk pith, at 4 differing nitrogen levels 
Source Degrees of 
freedom 
Mean 
square 
Residue (B) 5 13,494.98** 
Hitrogen (IT) 3 263.30** 
N x a 15 26.57 
Jars in subclasses 128 18.30 
Residue: 
Particle size 
(PS)/residue 4 379.81** 
R vs. no residue (SB) 1 65,955.65** 
Interaction: 
PS/B x IT 12 27.40 
B vs. ffî z I 3 23.25 
Although it had been expected that the nitrogen effect would be 
statistically significant at the 5 per cent level, the lack of signifi­
cance was interpreted as being due to either the fact that the 4 mg 5 
level provided enough nitrogen to meet the needs of the organisms 
carrying out decomposition or to the lack of experimental precision to 
detect any differences. 
Curves in Figures 5 and 6 for nitrate nitrogen immobilized plotted 
against time show that the effect of nitrogen level throughout the 
experiment was similar to the effect after 32 days incubation. 
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Table 14. Effect of particle size of cornstalk pith, and nitrate 
nitrogen additions on nitrogen immobilization daring 32 
days incubation in Clarion soil (cultivated) in the 
laboratory 
Pith 
particle 
size 
(mm) 
Nitrate additions ( [mg N per jar) 
4 " 
(mg N) 
8 
(mg N) 
12 
(mg N) 
16 
(mg N) 
< 0.25 4.18? 3.70 3.79 4.21 
2.38-4.76 2.31 2.41 2.55 2.80 
19 1.10 1.37 0.52 0.68 
aValues are the mean of 4 replicates. Least significant difference 
at the 5 per cent level was 0.64 mg 5. 
Table 15. Analysis of variance of data for nitrogen immobilized during 
32 days incubation in the laboratory when Clarion soil was 
treated with cornstalk pith of varying particle size at 4 
nitrogen levels 
Source freedom square 
Particle size (PS) 2 35-85** 
Nitrogen (N) 3 .5^ 
N x PS 6 .36 
Jars/treatments 36 .20 
Figure 5» Nitrate nitrogen immobilized, by 0.3 g of various particle size 
fractions of cornstalk pith at nitrogen levels of 4 and 8 mg N 
per jar during 32 days incubation 
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Figure 6. Nitrate nitrogen immobilized by 0.3 g of various particle size 
fractions of cornstalk pith ac nitrogen levels of 12 and 16 
mg N per jar during 32 days incubation 
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Table 16. Nitrogen immobilization during 64 days incubation of corn­
stalk pith of different particle size at 4 nitrate levels in 
Clarion soil (meadow) 
Nitrate N Particle size (mm) 
Days 
incubation 
added 
mg N/100 g 
soil 
< c.25al) 
(mg N) 
0.25-2.38a 2.38-4.76° 4.76-7.9* 
(mg N) (mg Jî) (mg N) 
l9d 
(mg N) 
8 2.50 
3.75 
5.00 
6.25 
2.52 
2.16 
2.99 
3.62 
2.32 
2.08 
2.81 
3.41 
2.30 2.19 
1.48 1.52 
2.24 1.74 
2.35 2.04 
1.52 
1.23 
1.31 
2.42 
16 2.50 
3.75 
5.00 
6.25 
3.13 
2.80 
3.38 
3.00 
2.44 
2.04 
3.01 
1.73 
1.71 1.36 
1.18 1.54 
2.85 2.17 
1.55 2.42 
0.81 
0.81 
2.36 
1.41 
24 2.50 
3.75 
5.00 
6.25 
4.29 
3.17 
3.18 
2.95 
3.97 
2.41 
2.56 
2.70 
3.10 2.16 
1.87 1.91 
1.93 1.66 
2.59 1.49 
1.83 
1.62 
1.76 
1.46 
32 2.50 
3.75 
5.00 
6.25 
3.94 
3.10 
3.55 
2.20 
3.45 
1.97 
3.13 
2.10 
2.69 2.13 
1.67 1.78 
1.61 1.85 
1.42 0.62 
1.23 
1.75 
3.21 
1.64 
64 2.50 
3.75 
5.00 
6.25 
3-36 
2.14 
2.85 
3.71 
3.21 
1.78 
2.58 
3.49 
3.35 2.09 
1.95 2.62 
1.50 I.65 
2.95 2.61 
1.19 
1.43 
2.15 
2.73 
aValues for this size refer to the mean of 4 replicates. 
^Least significant difference at the 5 per cent level for comparing 
treatment means of; (l) 4 reps with 4 raps, 0.85 mg iS, (2) 4 reps with 
6 reps, 0.78 mg N, (3) 8 reps with 4 reps 0.?4 mg N, (4) 8 reps with 6 
reps 0.65 mg 5, and (5) 8 reps with 8 reps 0.60 mg N. 
Values for this size refer to the mean of 6 replicates. 
^Values for this size refer to the mean of 8 replicates. 
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Effect of particle size and nitrogen concentration on nitrogen immobili­
zation in meadow soil 
Within each nitrogen level, nitrogen immobilized decreased as 
particle size of residue increased as is shown in Table 16. Differences 
between nitrogen levels within each particle size fraction showed no 
consistent patterns. In general immobilization within the 19 mm parti­
cle size increased with nitrogen levels but not always significantly so 
with even a decrease with nitrogen level at the 24 day sampling date. 
Main treatment effects and all interactions were significant at the 1 
per cent level (Table 17). 
Table 17. Analysis of variance of nitrogen immobilization data when 
cornstalk pith of differing particle size was incubated for 
differing time periods at 4 levels of nitrogen and in 
Clarion soil (meadow) 
Source Degrees of 
freedom 
Mean 
square 
Incubation (I) 4 3.08 
Particle size (PS) 4 34.76** 
Nitrogen ($0 3 7.04** 
I x PS 16 1.00** 
I x N 12 5.76** 
PS x N 12 2.79** 
I x PS x H 48 0.84** 
Jars/l/trts 500 0.37 
There were 110 significant changes in pH during incubation for all 
particle size and nitrogen treatments (Appendix, Table 35). Thus it 
would appear that salt concentration rather than pH caused the reduction 
in COg evolution noted previously for Experiment 2. 
Experiment 3 
Effect of salt concentration on microbial activity in cultivated soil 
To investigate the possibility that salt concentration was limiting micro­
bial activity as measured by COg evolution in the previous experiments, 
the following experiment was set up. Three-tenths g of < 0.25 mm corn­
stalk pith was added to a mixture of 50 g soil and 50 g sand. Calcium 
chloride was added at rates of 0, 9*91. 19*82, and 29.74 mg or equivalent 
to nitrogen rates of 0, 2.5, 5.0 and 7.5 mg per jar. All jars received 
an equal addition of 5*0 mg of nitrate nitrogen as calcium nitrate. Both 
the calcium chloride and calcium nitrate were added together in 8 ml of 
EgO. 
Values for carbon evolved decreased as the calcium chloride content 
increased in both the presence and absence of added residue as shown in 
Table 18. Samples containing no calcium chloride evolved the greatest 
amounts of COg-carbon. Analyses of variance of both the C0g data and 
nitrogen immobilization data are shown in Tables 19 and 21. For the 
C0g data, mean squares for both residue and calcium chloride treatments 
as well as for the interaction of residue and calcium chloride were all 
significant at greater than the 1 per cent level. Levels of calcium 
chloride additions did not significantly affect the nitrogen immobilized 
as shown by Tables 20 and 21. The amounts of carbon evolved and nitrogen 
immobilized were considerably lower in this experiment than in previous 
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Table 18. The effect of calcium chloride and calcium nitrate on COg-
carbon evolution when Clarion soil was incubated 24 days with 
and without 0.3 g of cornstalk pith of < 0.25 mm size 
Residue 0 
CaClg added (mg 
9.91 
per jar) 
19.82 29.74 
additions 
grams/jar 0 0
 
x
A Nitrate nitrogen added (mg per jar) 
5.0 5.0 
(mg C) (mg C) 
5.0 
(mg C) 
0 4.8* 4.7 4.5 3.9 
0.3 45.0 43.3 39.8 37.0 
Final pB 
of residue 
treatment 6.0 5.7 5.7 5.6 
aValues refer to mean of 4 replicates. Least significant difference 
at 5 per cent level 1.8 mg carbon. 
Table 19. Analysis of variance of COg-carbon data obtained from incu­
bating Clarion soil when varying amounts of calcium chloride 
and calcium nitrate were added both in the presence and 
absence of residue 
- Degrees of Mean 
b0urce freedom square 
Residue (b) 1 10,835.39** 
Calcium chloride (C) 3 30.88** 
Sx.C 3 20.94** 
Error 24 1.52 
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Table 20. The effect of calcium chloride and calcium nitrate on nitrate 
nitrogen immobilized when Clarion soil was incubated 2b days 
with added corns talk pith of < 0.25 nm size 
Calcium chloride added (mg per jar) 
0 9.91 19.82 29.74 
Nitrate nitrogen added (mg per jar) 
5.0 5.0 5.0 5.0 
(mg N) (mg N) (mg N) (mg E) 
Residue 
added 
grams/jar 
0.3 2.36* 2.81 2.48 2.39 
aValues refer to mean of 4 replicates. Least significant difference 
at 5 per cent level 0.81 mg N. 
Table 21. Analysis of variance of nitrate nitrogen immobilization data 
obtained from incubating Clarion soil when varying amounts of 
calcium chloride and calcium nitrate were added in the 
presence of cornstalk pith of 0.25 mm size 
Source 
Degrees of Mean 
freedom souere 
Calcium chloride 3 .17 
Error 12 .28 
experiments at comparable periods of incubations even in samples not 
treated with calcium chloride. Reasons for this lowered microbial 
activity are not readily apparent. The soil used in this study had been 
stored for approximately 18 months longer than that used in the previous 
studies. 
The reduced activity due to the addition of calcium chloride may be 
partially a pE effect as well as a salt effect since calcium chloride 
treated samples had lower p& values at the end of incubation than did 
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samples incubated in the absence of calcium chloride (Table 18). Within 
the calcium chloride treatments the p& was near constant but microbial 
activity decreased with increasing calcium chloride additions. These 
results would indicate the reduction in COg evolution was likely due to 
salt concentration. 
Experiment 4 
The following experiment was initiated to obtain further evidence 
that lack of nitrogen at the site of decomposition was limiting the de­
composition of the large residue fraction. Nineteen mm particles were 
cut to weigh 0.3 g and divided into 2 groups. One group was soaked 
24 hours in mineral solution (a) and the other 24 hours in mineral 
solution (b). 
BaEO^ 30.356 (b) HaCl 3.5ê 
4.0 KgEPOjj, 4.0 
KHgPOj^  1.0 kh2P04 1.0 
MgSOk.TEgO 1.0 MgSO^.THgO 1.0 
KC1 1.0 KC1 1.0 
FeSO^.tegO Trace Fe2O^ .45gO Trace 
H2° 2000 E2° 2000 
Ve 7.0 pS 7.0 
The salt concentrations of both solutions were equivalent. The particles 
were removed from the solutions, touched on all sides with a paper towel 
to remove adhering water and added to 200 g of sand in pint fruit jars. 
Two particles were added to each jar. Twelve ml of a third mineral 
solution identical with solution (a) except containing 6.0? g of 
was added to both groups. A fourth solution identical with solution (b) 
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except the content of NaCl was 0.7 g was added to additional samples 
containing residue which had been soaked in the high sodium chloride 
solution (b). This latter treatment served as a check. 
All three treatments were replicated 10 times and completely 
randomized. Treatment 1 contained approximately 7.0 mg of total nitrate 
nitrogen per 100 g sand and Treatment 2, 3.0 mg nitrogen per 100 g sand. 
Two ml of a concentrated soil suspension served as an inoculum. 
Influence of pith particles saturated with nitrate on COg-c&rbon 
evolution Greater amounts of COg-carbon were evolved from cultures 
containing the high nitrogen treatment as shown in Table 22. These 
data indicated that nitrogen was limiting the decomposition of the 
residue in the low nitrogen treatment and further that this deficiency 
was likely due to the positional availability of nitrogen. 
In interpreting these data however, the assumption must be made that 
during the preincubation soaking both the sodium chloride and sodium 
nitrate solutions removed equal quantities of soluble materials from the 
residue. If more soluble materials were removed from the chloride 
treated residue then less COg would be evolved. 
Results for nitrogen immobilization given in Table 23 show that 
more nitrogen was Immobilized by the low nitrogen treatment than by the 
high nitrogen treatment. However since data were obtained at only one 
point in time, then the values may only mean that the higher nitrogen 
level started net mineralization earlier. Data shown in Table 20 
indicated that the higher nitrogen treatments reached maximum immobiliza­
tion early and that after 24 days incubation had mineralized nitrogen 
until the immobilization values were lower for these treatments than for 
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Table 22. COg-carbon evolved during 32 days incubation of 19 mm cornstalk 
pith previously soaked in solutions of equivalent salt con­
centrations of sodium chloride and sodium nitrate 
Nitrogen _ Time in days 
treatments 1 2 4 11 l6a 24 32 
(mg C) (mg C) (mg C) (mg C) (mg C) (mg C) (mg C) 
7 mg/l00 g sand 3.5* 11.4 22.2 50.4 61.7 73.7 86.9 
3 ag/l00 g sand 3.1 10.2 19.5 43.0 55.0 68.6 81.8 
Check. 2.6 7.3 10.9 17.7 20.7 25.8 32.5 
aLeast significant difference at 5 per cent level at this date was 
6.01 mg carbon. 
^Values are in mg carbon evolved. 
Table 23. Nitrate nitrogen immobilization after 32 days incubation 
of 19 mm cornstalk pith previously soaked in equivalent 
mineral solutions containing sodium nitrate and sodium 
chloride 
Salt treatment 
Initial 
nitrogen 
mg ft/jars 
llitrogen 
at 32 days 
mg K/jar 
Diff. 
Sodium nitrate 14.60 11.55 2.75 
PH 7.0 8.1 
Sodium chloride 5.84 2.27 3.75 
P2 7.0 8.0 
the lower nitrogen treatments. This indicates further the importance of 
considering time, nitrogen level and particle size of residue when in­
terpreting immobilization data. Munson (33) found incubation time to be 
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highly significant and further that nitrogen treatments which immobilized 
nitrate at the greatest rate also mineralized nitrogen at the greatest 
rate. 
Decomposition of Various Particle Size Fractions of Cornstalk 
Pith and Alfalfa Boots in the Absence of Soil Colloids 
The following experiments were conducted to evaluate the effect of 
particle size of residue on its decomposition in the absence of soil 
colloids and native soil organic matter. 
Decomposition of alfalfa roots in sand 
Alfalfa residue containing approximately 2.5/° nitrogen was added 
to 125 S sand at the rate of 0.5 g per jar and in 3 differing particle 
size fractions. Nitrate nitrogen was added in a mineral solution at 
the rate of 6.2 mg nitrogen per jar and the samples incubated 32 days. 
Nitrogen added to sand alone served as a check treatment. Two ml of a 
concentrated soil suspension was added to each jar as an inoculum. As 
it was expected that some ammonia would volatilize, vials with 10 ml 
of H EgSO^ were placed in all jars with exception of those on which COg 
was collected. The acid was then neutralized with magnesium oxide and 
distilled into boric acid at each sampling date. 
Influence of particle size of alfalfa roots on COp-carbon evolution 
Data for COg-carbon evolved by each particle size fraction are shown in 
Table 24. Major differences due to particle size occurred in the early 
stages of incubation with approximately 64 per cent of the total COg 
evolved after 32 days having been evolved by the fourth day of incuba­
tion for particles less than 0.25 mm. The larger fractions released 
65 
Table 24. COg-carbon evolved during 32 days incubation in sand of 
alfalfa root residue fractions of differing particle size 
Residue Days incubation 
particle 
size 4 8 15 23 32 
(mm) (mg C) (mg C) (mg C) (mg C) (mg C) 
< 0.25 82.9a 111.5 127.4 133.9 139.3 
2.38-4.76 76.:2t / 100.5 113.5 120.0 
46. 89,3 115.9 126.8 1-34.2 
Check 2.3C 
^Values refer to the mean of 4 replicates. 
^Values refer to the mean of 6 replicates. 
°Yalues refer to the mean of 5 replicates. 
less COg for the four day period. By the end of 32 days incubation 
little difference in COg evolution existed between the < 0.25 am and 
15 mm fractions. The large evolution of COg during the early stages of 
incubation is likely a reflection of the large amounts of water soluble 
constituents present in alfalfa residues. 
Influence of Particle size of alfalfa roots on total inorganic 
nitrogen Table 25 contains the data for total inorganic nitrogen 
which includes ammonium nitrogen, nitrate nitrogen and volatile ammonia. 
Data for the separate nitrogen determinations as well as for pS may be 
found in Appendix Tables 37 through 40. Table 25 reveals that inorganic 
nitrogen for the 15 mm residue treatment was greater at all sampling 
dates after 8 days incubation than at zero incubation time. Thus in 
this fraction, net immobilization of nitrogen apparently did not occur. 
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Table 25. Total inorganic nitrogen froa alfalfa residue of different 
particle sizes incubated in sand at 25° C 
Residue Days incubation 
particle 0 8 16 24 32 
size 
(mm) mg $r mg S 
Inorganic nitrogen 
sag E mg H mg K 
< .25 7.05® 6.68 7.16 9.36 10.29 
2.38-4.76 6.93b 5.99 6.50 7.55 7.67 
15 6.19* 6.29 8.71 9.68 9.50 
Check 6,22e 6.38 5.93 6.00 6.24 
aValues are the mean of 4 replicates. 
^Values are the mean of 6 replicates. 
^Values are the mean of 5 replicates. 
ITet immobilization of nitrogen did occur in samples containing the two 
smaller sized residue fractions. 
A comparison of particle size effects may also be made by observing 
Figure 7. Since nitrogen analysis at zero time (Table 25) indicated 
organic nitrogen breakdown by the analytical procedure used in samples 
containing the < 0.25 mm and 2.38-4.76 mm residue fractions, values at 
zero time were subtracted froa values obtained at each sampling date 
and plotted against time. Hitrogen immobilization was less and nitrogen 
release greater in samples containing residue of 15 am particle size than 
in samples containing residue of either < 0.25 am or 2.38-4.76 mm size. 
It was not readily apparent why residue of 2.38-4.76 mm size immobilized 
greater amounts of nitrogen and released less nitrogen than did residue 
of < 0.25 am size. 
Figure ?. Net inorganic nitrogen present after different periods of incubation when alfalfa root 
residue fractions of differing particle size were incubated 32 days in sand 
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Decomposition of cornstalk pith in sand 
Further knowledge of particle size effects in the absence of clay 
minerals and native soil organic matter was obtained in the following 
experiment. Cornstalk pith was added in 5 different particle size 
fractions; the 2 fine fractions were replicated 4 times, the 2.38-4.76 
mm fraction 6 times and the 2 larger fractions and check 8 times. Four 
and six-tenths mg of nitrate nitrogen was added in a mineral medium and 
the jars inoculated as in the previous experiment. 
COy-carbon evolved during decomposition of cornstalk pith in sand 
A comparison of the data in Table 2o for net COg-carbon evolved with data 
previously presented for net carbon evolved when cornstalk pith was 
incubated in both meadow and cultivated soil, reveals that equal or 
greater amounts of carbon were evolved from incubations in sand at 
comparable sampling periods, nitrogen amounts and particle sizes. The 
p2 during incubation ranged from 7.2 to 8.5 for the incubations in sand 
(Appendix Table 4l) and thus may be a partial explanation for the in­
creased activity in sand. 
Differences between the < 0.25 mm and I9 mm fractions were about 
the same in sand as in soil. The reversal of particle size effects for 
the < .25 mm and 0.25-2.33 mm noted previously for incubations in soil 
did not appear early in sand. This would indicate that possibly soil 
colloids were the cause of the reversal noted in soil. Differences 
between the three intermediate particle size fractions were not noted 
until after 32 days incubation. 
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Table 26. Net COg-carbon evolved during 256 days incubation of corn­
stalk pith of different particle size in sand 
Time of Particle size (mm) 
incubation 
(days) 
< 0.25 
(mg C) 
0.25-2.38 
(mg C) 
2.38-4.76 
(mg C) 
4.76-7.9 
(mg C) 
19 
(mg C) 
4 18.3s 13.9* 13.5* 12.2° 8.8c 
8 25.0 21.2 21.7 21.6 16.0 
16 42.7 34.8 34.3 35.1 25.7 
32 70.9 71.7 58.5 52.5 40.1 
64 78.6 81.0 75-4 71.4 53-9 
128 85.9 87.3 86.6 82.7 72.1 
256 93.3 89.2 94.9 90.1 79.5 
i a> 00 refer to the mean of 4 replicates. 
^Values refer to the mean of 6 replicates. 
cValues refer to the mean of 8 replicates. 
Nitrate nitrogen immobilized during decomposition of cornstalk pith 
in sand Table 27 shows that nitrate nitrogen immobilized decreased 
with particle size of pith up to and including 32 days incubation. 
Thereafter little difference was noted between particle size fractions 
other than for the 19 mm fraction. The magnitude of immobilization in 
sand was very near but less than values recorded for incubation in soil. 
Influence of Residue Particle Size on the Ratio 
of Carbon Evolved: Nitrogen Immobilized 
After examination of the data for the study of particle size and 
amounts of residue presented earlier, it was noted that the ratio of 
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Table 27. Nitrate nitrogen Immobilized by various particle size 
fractions of cornstalk pith at various time periods during 
256 days incubation in sand 
Time of Pith particle size ( mm) 
incubation < 0.25 0.25-2.38 2.38-4.76 4.76-7.9 19 
(days) (mg N) (mg N) (mg N) (mg H) (mg H) 
4 1.51 1.12 0.95 0.53 0.17 
8 1.68 1.35 1.84 1.89 0.41 
16 3.58 3-38 2.72 2.01 0.37 
32 4.18 4.17 3.76 2.85 1.15 
64 2.26 2.67 2.06 2.06 0.68 
128 2.49 2.58 2.21 2.08 0.81 
256 0.75 1.38 0.92 1.17 0.29 
carbon evolved to nitrate nitrogen immobilized increased as the particle 
size of added residue increased at each sampling date. Data for the 
above ratio at the 0.3 g residue level are presented in Table 28. 
Ratios for data at the 0.6 g level have no meaning since nitrate nitrogen 
was depleted in cultures containing the two finely ground residue 
fractions. Data of Table 28 revealed that within each size group the 
ratio increased with time of incubation. This latter relation would 
be expected, especially after the date of maximum immobilization, since 
increased mineralization of nitrogen from cells formed earlier in the 
decomposition period would cause the amount of nitrogen immobilized to 
be less in relation to the carbon evolved. However, the increased 
ratio with increasi% residue particle size would not be expected if 
immobilization of nitrogen and COg evolution were both related directly 
72 
Table 28. Ratios of net carton evolved to net nitrogen immobilized for 
0.3 g of different particle size fractions of cornstalk pith 
at different sampling dates during 52 days incubation in the 
laboratory 
Pith 
particle 
size 
(mm) 
Days incubation 
4 
(c:ir) 
c
o
?
 
0
 
16 
(cm) 
26 
(C:N) 
52 
(C:H) 
c 0.25 9.1a 5.4 9.2 12.4 19.7 
0.25-2.38 9.5 9.1 12.2 16.4 19.9 
2.38-4.76 10.0 12.0 15.3 18.2 22.0 
19 18.4 18.2 28.9 48.3 51.1 
a7alues represent the ratios for COg and immobilization data pre­
sented in Tables 5 and 7. 
to the available energy of the added residue. That is, it would be 
expected that both the COg evolved and the nitrogen immobilized would 
decrease at the same rate with increasing particle size since the 
accessibility and therefore the availability of added carbon decreases 
with increasing particle size. 
Data of Table 29 show that the ratio of carbon evolved to nitrogen 
immobilized increased with increasing particle size of residue at all 
nitrogen levels from 4 to 16 mg of nitrate nitrogen per 100 g soil. 
With exception of the ratios for the 1Ç mm residue fraction at the 12 
and 16 mg nitrogen levels, the ratios decreased with increasing nitrogen 
rates. 
The increased ratio with increasing particle size would infer that 
relatively, decomposition of the large particles was occurring with less 
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Table 29. The effect of particle size of residue and nitrogen levels 
on the ratio of carbon evolved to nitrogen immobilized after 
32 days incubation 
Particle Nitrate additions (mg N x>er jar) 
size 
(mm) 4 8 12 16 
< 0.25 14.9a 15.1 13.6 11.1 
2.38-4.76 23.7 21.7 20.0 17.7 
19 39-6 30.1 78.1 56.2 
aValues are the ratios for COg and immobilization data presented in 
Tables 10 and 14. 
utilization of the added inorganic nitrate than decomposition of the 
small particles. Thus further evidence that this ratio increases with 
particle size will be presented at this time by using regression analyses 
of data from three experiments in soil discussed previously. More de­
tailed incubation descriptions for the experiments are given on pages 
29 and 45. For purposes of the discussion in the remainder of the thesis, 
these experiments will be referred to as Experiments 1, 2 and 3 as shown 
in Table 30. The soil used in Experiments 1 and 3 was Clarion soil from 
the continuous corn plot while that of Experiment 2 was Clarion meadow 
soil. . Incubation conditions which were different and thought most likely 
to affect the analyses are listed in Table JO. 
Regression analyses as outlined by Snedecor (42, page 129) were used 
to adjust the COg and immobilization data for nitrogen and residue levels 
and length of incubation. The adjusted values were then used in re­
gressions of COg-carbon evolved on the square root of the mean diameter 
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Table 30. Incubation conditions for the experiments from which data were 
combined to form the regression equations shown in Figures 
8, 9, and 10 
Days Residue rate Nitrogen added 
Exper en incubation g/100 g soil mg N/lOO g soil 
1 32 0.30 4, 8, 12 and 16 
2 24 0.15 2.5, 3.8, 5 and 6.2 
3 26 0.30 3-5 
of each particle size fraction and of the nitrogen immobilized on the 
square root of the mean diameter. Also the ratios of the adjusted carbon 
values to the adjusted nitrogen values were plotted against the square 
root of the mean diameter for each particle size fraction and a re­
gression analysis made. Each dot in Figures 8 and 9 represents the mean 
of from 4 to 8 replications. Each dot in Figure 10 represents the ratio 
of the mean values plotted in Figures 8 and 9« 
Results for the regression of COg on particle size may be seen in 
yv , A 
Figure 8. The regression equation was T = 55«74-3»27X where Y is the 
estimated carbon evolved for each particle size fraction X. The r value 
of .80 was significant at greater than the 1 per cent level. Similarly 
results for the combined nitrogen data are shown in Figure 9 by the 
regression equation and regression coefficient (r = .87**). Both COg 
carbon evolution and nitrogen Immobilization show an inverse linear 
relationship with the square root of the mean diameter of each particle 
size fraction. 
Results for the regression of the C:îî ratios on particle size may 
Figure 8. COg carbon evolved during incubation of various particle size fractions of cornstalk 
pith (Data from 3 experiments adjusted for residue and nitrogen levels and for 
incubation time) 
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"be seen in Figure 10. The regression equation vas T = 10.75 + 6.38 I 
and the correlation coefficient (r = .70**) was significant at greater 
than the one per cent level. The hypothesis that the regression 
coefficient was equal to zero was tested and rejected at greater than 
the 1 per cent level. 
Although the r value of .70 was highly significant, the r value 
was .4? signifying that only 4$ per cent of the variation could he 
accounted for by the regression, analysis. That both r and values for 
this regression are lower than those for the separate regressions of 
carbon evolved (r = .80 and r% = .64) and nitrogen immobilized (r = .87 
and r^ = .76) on the square root of the mean diameter of particles was 
expected. 
The ratio combines the error associated with the two variables, C0g 
evolution and nitrogen immobilization, whereas the regression of each 
separately involves only the error of one variable. The COg-carbon 
and nitrogen immobilization values were obtained on different jars 
treated alike. If COg and nitrogen immobilization were determined on 
the same jars, values for the ratio would be improved. Furthermore if 
true immobilization or true nitrogen assimilation could be determined 
instead of net immobilization as determined in this study, then values 
for the ratio would have more meaning. 
The ratio of carbon evolved to nitrogen immobilized is suggested 
as a measure of the efficiency of use of added inorganic nitrogen during 
decomposition of residue of different particle size. The use of the 
ratio in this way is limited, as noted above, and could not be used 
under conditions in which either (a) the supply of inorganic nitrogen 
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has been completely depleted, or (b) when net mineralisation is greater 
than net immobilization. 
Four hypotheses were considered to explain the phenomenon of 
greater efficiency of nitrogen use by large particles. 
Eitrogen deficiency 
A deficiency of nitrogen may be initiated around the large residue 
particles causing less of the added nitrogen to be used by these particles 
relative to that used during decomposition of residue of small particle 
size. In other words, the initial population, having been stimulated by 
available carbohydrates at the surface of the large residue particle, 
could deplete the site of decomposition of its available inorganic 
nitrogen. Further decomposition would then be a function of either (a) 
the rate of movement of nitrogen to the residue particle, or (b) the 
rate of recycling of microbial nitrogen immobilized earlier in the 
incubation period, or (c) a combination of (a) and (b). The distance 
nitrogen must diffuse or move in order to reach the decomposing site 
would be much greater for residue of large particle size than for finely 
ground residue. Reuse or recycling of microbial nitrogen is favored by 
both nitrogen deficiency and time. Recycling of microbial nitrogen will 
cause the ratio of carbon evolved to net nitrogen immobilized to increase. 
Cells formed under conditions of nitrogen deficiency might also be 
expected to be of lower nitrogen content. 
Experimental evidence of H deficiency Support in the present 
study for the hypothesis that nitrogen was deficient during decomposition 
of residue of large particle size may be found in the data of Table 22 
which shows that greater decomposition occurred when residue of 19 mm 
83 
size was saturated with nitrate nitrogen prior to incubation as compared 
to residue saturated with chloride ions, nitrogen concentration in the 
area of decomposition of the nitrate saturated particles was supposedly 
greater than the concentration in the area of decomposition of the 
chloride saturated particles. 
Additional evidence that nitrogen was deficient during the de­
composition of the 19 mm particles may "be found in Table 28 which shows 
that the ratio of carbon evolved to nitrogen immobilized increased with 
time of incubation more rapidly when the residue was added as 19 mm size 
particles than when added as < 0.25 mm particles. 
Data of Table 4 would indicate that microbial cell material could 
become concentrated around the 19 mm residue after time since the num­
bers of microorganisms found after 12 days incubation were from 100 to 
200 times greater at the surface of the residue particle than 1/2 to 
1 inch away from the particle surface. Thus if conditions such as 
nitrogen deficiency did exist at the surface of the large residue parti­
cles, the magnitude of recycling of the microbial nitrogen could be 
large. Under such conditions less of the added nitrate would be used. 
Other lines of evidence for the deficiency hypothesis are less 
clear cut. Data of Table 31 show that differences in the ratio of 
carbon evolved to nitrogen Immobilized was essentially the same for the 
four smaller particle size fractions. Batios for the 19 mm fraction 
were approximately double those for the other four particle size 
fractions at all sampling dates. These data would suggest that possibly 
nitrogen was deficient at the site of decomposition for the 19 mm 
particles since size of residue particle was the main variable in this 
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Table 31. Batios of carbon evolved to nitrogen immobilized when 0.3 g 
of various particle size fractions of cornstalk pith were 
incubated in sand in the presence of a mineral medium 
Particle Time in days 
size 
(mm) 4 8 16 32 64 128 256 
< .25a 12.1 14.9 11.9 17.0 34.8 34.5 124 
.25-2.38* 12.4 11.4 10.3 17.2 30.3 33.6 64.6 
2.38-4.76" 14.2 11.8 12.6 15.6 36.6 39.2 103 
4.76-7.9° 22.9 11.4 17.5 18.4 34.7 39.8 77 
19c 51.6 39.0 69.4 34.9 79.2 84.6 274 
aValues for this size are the mean of 4 reps. 
^Values for this size are the mean of 6 reps. 
^Values for this size are the mean of 8 reps. 
experiment and the distance nitrogen would need to diffuse would be much 
greater for the large particles. It would be expected that if the con­
centration of nitrate ions was increased (at low nitrogen levels) in 
cultures containing residue of different particle size, differences in 
decomposition between particle size fractions should narrow with in­
creasing nitrate concentration. Data in Table 10 and 12 show that 
differences in 00^-carbon evolved between particle size fractions 
narrowed at the higher nitrogen rates of addition but the part of this 
effect which can be attributed to increased nitrate diffusion was 
obscured by salt effects at the high nitrogen level. Theoretically 
differences between the ratios of carbon evolved to nitrogen immobilized 
of different particle size fractions should narrow with increasing 
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nitrogen additions if nitrogen concentration was limiting decomposition. 
Data of Table 29 show a reduction in Cm ratio for each of the 2 finer 
particle sizes "but the significance of this reduction is uncertain due 
to salt effects. 
Soil organic matter decomposition 
Residue of different particle size may stimulate the decomposition 
of the native soil organic matter to different degrees. Treatments which 
stimulate the greatest decomposition of soil organic matter would be 
expected to mineralize the largest amounts of nitrogen. In other words, 
the ratio of carbon evolved to net nitrogen immobilized would be expected 
to be higher for treatments decomposing organic matter of narrow Cîlî 
ratio (10si) than for treatments decomposing materials of wide C:Z 
ratio (60:1), since relatively less of the added nitrate nitrogen would 
be utilized. 
3Jo experimental evidence was obtained which indicated this hypothesis 
could explain the greater efficiency of nitrogen use for large residue 
particles. This hypothesis would infer that the 19 mm residue particles 
stimulated soil organic matter decomposition more than the <. 0.25 mm 
residue since larger ratios for carbon evolved to nitrogen immobilized 
were obtained for the 19 mm residue. It appears more likely that the 
< 0.25 mm residue stimulated soil organic matter decomposition to a 
greater extent than 19 mm size residue as the finely ground residue was 
closely associated with greater amounts of soil organic matter. 
Soil colloids 
The soil colloids partially inhibit the decomposition of added 
residue by forming a colloid-degraded residue complex. Greater 
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inhibition would be expected during decomposition in cultures containing 
finely ground residue since this residue would be more intimately 
associated with the colloids of the soil than residue of larger particle 
size. During decomposition of the finely ground residue less nitrogen 
contained in the added residue would then be available for assimilation 
and greater amounts of the added inorganic nitrogen would be used. 
Alternatively a colloid-enzyme complex may be postulated. Then the 
reduced ratio noted for cultures containing the finely ground residue may 
be explained by the inhibition of COg evolution in these samples. 
Experimental evidence of soil colloid effects Ho direct evidence 
was obtained that soil colloids inhibited the decomposition of added 
residue. Data of Table 31 for incubations in sand suggest that soil 
colloids could account for the fact that no differences were noted among 
the ratios of carbon evolved to nitrogen immobilized for the 4 smaller 
residue fractions. Colloids of the soil may also have caused the 
inhibition of COg noted for incubations in soil of the < 0.25 mm residue 
since the inhibition was not apparent for incubations in sand. 
Experimental evidence obtained in this study indicated the nitrogen 
deficiency hypothesis most nearly explained the increasing ratio of 
carbon evolved to nitrogen immobilized with increasing particle size. 
Additional experimental work is needed to evaluate the rate at which 
nitrate ions diffuse in soil before the deficiency theory becomes a 
fact. More precise measurements of true nitrogen assimilation or "true 
nitrogen immobilization" are also needed since methods used in this 
study measured only net immobilization. 
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SUMMARY AI3D C0UCH75I0ÎÏS 
1. The influence of particle size of crop residue on decomposition 
as measured "by carbon dioxide evolution and nitrogen immobilization was 
studied. The laboratory incubations at 25° C of different particle size 
fractions of cornstalk pith and alfalfa root residues were carried out 
under conditions varied to include; (a) two Clarion sandy clay loam 
soils, one previously under continuous corn and one under meadow; (b) 
soil media with different amounts of residue or nitrate nitrogen; (c) 
sand media free of inorganic colloids. 
2. As the particle size of cornstalk pith or alfalfa root residue 
increased, COg evolution decreased when incubated in either sand or soil. 
In soil, an inverse linear relationship existed between the COg-carbon 
evolved and the square root of the mean diameter of residue particles 
for the range of particles of < 0.25 mm to 19 mm in size. Residue size 
fractions less than 2.4 mm in diameter decomposed at nearly the same 
rate but a tendency for the finest residue fraction ( < 0.25 mm) to 
decompose more slowly than the 0.25-2.38 mm fraction was noted in soil. 
The absence of this apparent reversal of particle size effects in sand 
indicated that soil colloids may have inhibited decomposition of the 
< 0.25 mm residue fraction. 
3- Carbon dioxide evolution from cornstalk pith was affected by 
the solid phase of the medium and decreased as follows: sand = or > 
Clarion sandy clay loam soil from meadow > Clarion sandy clay loam from 
continuous corn. 
4. Carbon dioxide evolution was inversely related to the amount 
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of nitrate nitrogen added for the range of nitrogen additions of 2.5-16 
mg T$ per 100 g incubation mixture containing 0.15 or 0.3 g cornstalk pith. 
The magnitude of the reduction of COg evolution with increasing nitrogen 
addition varied with particle size "but never exceeded 25 per cent. 
Greatest reduction in decomposition occurred when finely ground residue 
was added. When residue of the largest size (19 mm) was added, little 
or no reduction occurred. Since reduction in decomposition occurred 
when chloride salts were added, the reduction appeared to be due to salt 
concentration rather than to nitrogen per se. As the larger amounts of 
salt decreased the pB of the media as much as 0.5 p® unit, the reduction 
in microbial activity could have been due to both salt concentration and 
lowered Amounts of calcium nitrate as great as 52.7 mg per 100 g 
soil media did not alter the p- significantly; however, 00^ evolution 
decreased as the amount of calcium nitrate increased from 21.1 to 52.7 
mg per 100 g soil media. 
5. The amount of COg-carbon evolved from 0.6 g cornstalk pith was 
approximately double the amount evolved from 0.3 g pith, when adequate 
nitrogen was present. 
6. The maximum amount of nitrate nitrogen immobilized decreased 
as particle size of cornstalk pith increased during incubations in both 
soil and sand. For incubations in soil, an inverse linear relationship 
existed between nitrate nitrogen immobilized, at periods selected to be 
near maximum immobilization, and the square root of the mean diameter of 
residue particles. 
7. Greater amounts of nitrate nitrogen were immobilized when 0.6 g 
cornstalk pith was added to 100 g soil media than when 0.3 g pith was 
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added. Per unit of residue added, the smaller residue addition immo­
bilized the greatest amount of nitrate nitrogen. 
8. The amount of nitrate nitrogen immobilized did not appear to 
change significantly when different amounts of calcium nitrate were added. 
9. Smaller amounts of nitrate nitrogen were immobilized and 
greater amounts of nitrogen were released when alfalfa root residue of 
15 mm particle size was incubated in sand than when the same residue of 
< 0.25 mm or 2.38-4.76 mm particle size was incubated in sand. 
10. The ratio of carbon evolved to nitrogen immobilized at incuba­
tion periods near maximum immobilization was used as a measure of the 
efficiency of nitrogen used in the decomposition. The efficiency of 
nitrogen use in the 19 mm fraction was about 3 times greater than for 
the < 0.25 mm fraction. This means that more nitrogen would be available 
in the system for other uses, e.g., the growth of crops. Data presented 
suggested the increased efficiency for the 19 mm fraction was due to a 
deficiency of nitrate at the site of decomposition for this fraction. 
11. The ratio of carbon evolved to nitrogen immobilized increased 
as the particle size of cornstalk pith increased during incubation in 
all soil mixtures. In sand, only ratios for the 19 mm size particles 
were significantly greater than the smaller size fractions. Â direct 
linear relationship existed in soil between the ratio of carbon evolved 
to nitrogen immobilized, at periods during incubation selected to be 
near maximum immobilization, and the square root of the mean diameter 
of residue particles. 
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APPENDIX 
Table 32. Influence of nitrate nitrogen rates, residue particle size and time of incubation on 
COp-carbon evolution in Clarion soil (cultivated) 
Particle 
size 
(mm) 
< 0.25 
2.30-4.76 
19 
Check soil 
Nitrate N 
added 
mg N/lOO g 
soil 
Days incubation 
4 
8 
12 
16 
4 
8 
12 
16 
4 
8 
12 
16 
4 
8 
12 
16 
4 
(mg C) 
13.9e 
13.1 
11.7 
11.7 
13.5 
13.6 
12.1 
13.4 
13.8 
11.7 
10.7 
9.6 
3.5 
2.7 
2.9 
2.7 
8 
(mg C) 
27.0 
23.7 
21.7 
22.1 
29-3 
26.1 
26.9 
27.4 
25.1 
22.9 
18.9 
20.3 
6.3 
5.5 
5.2 
5.1 
16 
(mg C) 
52.0 
45.8 
38.9 
36.9 
47.7 
46.2 
44.0 
43.9 
39.6 
35.7 
35.6 
33.8 
9.9 
8.7 
7.4 
7.8 
, 32 X (mg 0) 
76.0 
68.8 
62.2 
58.2 
68.6 
65.3 
61.7 
60.9 
57.5 
54.3 
51.3 
49.6 
13.9 
13.0 
10.7 
11.4 
64 
(mg C) 
101.4 
90.4 
85.6 
80.5 
95.6 
90.9 
83.9 
81.7 
78.9 
76.5 
72.0 
69.8 
18.6 
18.3 
16.9 
14.9 
aValues refer to the mean of 4 replicates. 
Table 33» Influence of nitrate nitrogen rates, roaidue particle size and time of incubation on 
net COg-carbon evolution in Clarion soil (meadow) 
Nitrate N Particle size (mm) Check 
« 4°F™(£2;)6 2ïSr "iTo)9 (:'o) 
2 2.50 10.5 12.2 14.8 14.8 10.2 5.0 
3.75 11.6 11.9 14.8 14.8 9.6 4.7 
5.00 11.7 11.6 13.9 13.9 10.9 4.5 
6.25 11.5 13.0 13.7 14.6 11.7 4.8 
4 2.50 19-7 24.1 26.4 24.8 18.1 8.2 
3.75 20.0 22.3 26.6 25.7 17.3 8.1 
5.00 19.6 22.3 25.0 23.8 20.5 7.6 
6.25 20.0 24.5 25.9 25.5 22.3 7.8 
8 2.50 36.9 44.4 43.2 41.4 31.7 . 12.6 
3.75 35.7 40.0 42.5 40.9 32.5 12.5 
5.00 33.5 39.8 39.6 37.8 33.9 13.1 
6.25 33.1 40.8 40.7 39.8 34.8 11.4 
16 2.50 60.2 64.5 60.6 58.7 47.8 18.2 
3.75 59.0 58.9 58.7 57.3 50.3 18.3 
5.00 55.6 57.6 55.6 53.4 49.7 16.0 
6.25 52.8 58.3 56.4 54.7 51.1 16.2 
Table 33. (Continued) 
Days 
incubation 
24 
32 
64 
Nitrate N Particle size (nun) 
nda.d —' Check 
mg N/100 g 
soil 
< 0.25 
(mg C) 
0.25-2.38 
(mg 0) 
2.38-4.76 
(mg C) 
4.76-7.9 
(mg 0) 
19 
(mg C) 
soil 
(mg 0) 
2.50 76.5 80.9 76.0 74.5 63.0 24.1 
3.75 75.3 73.0 69.4 72.0 6 5.9 27.3 
5.00 70.9 72.6 69.5 66.9 63,1 26.3 
6.25 67.5 72.3 69.5 67.6 64.7 21.3 
2.50 84.5 88.5 83.7 82.1 71.0 27.2 
3.75 83.I 81.7 81.6 79.9 73.1 27.3 
5.00 77.7 79.2 76.8 73.9 71.2 26.3 
6.25 73.6 78.7 76.4 74.1 71.5 23.0 
2.50 118.1 119.4 117.3 114.9 106.4 42.3 
3.75 115.1 111.7 119.5 115.1 104.0 41.7 
5.00 106.7 108.3 106.6 104.8 102.6 39" 6 
6.25 103.2 106.8 108.3 98.8 98.3 36.3 
Table 34. Influence of nitrate nitrogen rates, residue particle size and time of incubation on 
nitrate nitrogen immobilized in Clarion soil (cultivated) 
Particle 
size 
(mm) 
Nitrate N 
added 
mg N/lOO g 
soil 
Days incubation 
4 
(mg N) 
8 
(mg N) 
16 
(mg N) 
32 
(mg N) 
64 
(mg N) 
< 0.25 4 0.99* 1.59 3.49 4.18 3.03 
8 0.60 1.31 3.12 3.70 3.24 
12 0.18 0.75 2.54 3.79 2.65 
16 0.53 1.46 2.51 4.21 3.60 
2.38-4.76 4 0.53 1.28 2.23 2.31 2.15 
8 0.46 1.26 2.24 2.41 1.68 
12 0.38 0.50 1.62 2.55 1.28 
16 0.69 1.25 1.46 2.80 1.95 
19 4 0.20 0.30 0.78 1.10 0.60 
8 0.02 0.38 0.49 1.37 0.74 
12 0.00 0.00 0.52 O.52 0.2 5 
16 0.00 -0.13k -0.28 0.68 0.27 
aEach value refers to the mean of 4 replicates. 
^Negative values refer to net mineralization of nitrogen. 
Table 35. Soil reaction (pH) during 64 days incubation of Clarion soil (meadow) after addition of 
different particle size fractions of cornstalk pith and different amounts of nitrogen 
Days 
incubation 
Nitrate N 
added 
mg N/lOO g 
soil 
Particle size (mm) Check 
soil 
(PH> 
< 0.25 
(pH) 
0.25-2.38 
(PH> 
2.38-4.76 
(PH) 
4.76-7.9 
(PH) 
19 
(pH) 
8 2.50 6.8 6.8 6.7 6.8 6.6 6.6 
3.75 6.7 6.7 6.6 6.6 6.7 6.6 
5.00 6.7 6.7 6 . 6  6.6 6.7 6.6 
6.25 6.7 6.7 6,5 6.7 6.6 6.5 
16 2.50 6.8 6.6 6.5 6.5 6.5 6.5 
3.75 6.7 6.7 6.6 6.7 6.6 6.6 
5.00 6.7 6.7 6.6 6.6 6.5 6.6 
6.2 5 6.9 6.8 6.8 6.8 6.8 6.6 
24 2.50 6.9 6.8 6.7 6.6 6.7 6.5 
3.75 6.8 6.7 6.6 6.7 6.7 6.5 
5.00 6.8 6.8 6.7 6.8 6.7 6.7 
6.25 6.8 6.7 6.7 6.6 6.7 6.5 
32 2.50 6.8 6.9 6.8 6.8 6.6 6.6 
3.75 6.7 6.8 6.7 6.8 6.7 6.6 
5.00 7.8 7.8 7.8 6.7 6.6 6.5 
6.25 6.6 6.7 6.7 6.6 6.6 6.5 
64 2.50 6.6 6.6 6.5 6.5 6.5 6.7 
3.75 6.7 6.6 6.5 6.6 6.6 6.5 
5.00 6.6 6.6 6.5 6.6 6.5 6.4 
6.25 6.5 6.4 6.4 6.4 6.4 6.4 
Table 36. Influence of nitrate nitrogen rates, residue particle size and time of incubation on 
soil reaction (pH) in Clarion soil (cultivated) 
Particle 
size 
(mm) 
< 0.25 
2.38-4.76 
19 
Check soil 
Nitrate N 
added 
mg N/100 g 
soil 
Days incubation 
(pH) 
64 
(PH) 
0 
(pH) 
! 
~
 
! 
8 
(PH) 
16 
(pH) 
4 5.6 5.7 5-9 5-7 5.4 6.0 
8 5.6 5.5 5.6 5.6 5.5 5.9 
12 5.6 5-5 5-5 5.5 5.5 5*6 
16 5.6 5.4 5.5 5.6 5.5 5.6 
4 5.6 5.7 5.9 6.1 5.7 6.1 
8 5.6 5.8 5.7 5.9 5.7 6.1 
12 5.6 5.6 5.5 5.7 5.9 5.7 
16 5.6 5.3 5-3 5.8 5.8 5.8 
4 5.6 5.7 5.9 6.0 5.6 6.0 
8 5.6 5.7 5.7 5.7 6.0 5.8 
12 5.6 5.6 5-5 5.8 5.8 5.8 
16 5.6 5.5 5.4 5.6 5.6 5.6 
4 5.6 5.6 5.7 5-7 5.4 6.0 
8 5.6 5.6 5.7 5.7 5.7 5.8 
12 5.6 5.5 5.5 5.6 5.6 5.6 
16 5.6 5.5 5.6 5.8 5.5 5.7 
H 
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Table 37. Nitrate nitrogen recovered at various time periods during 32 
days incubation in sand of alfalfa root residue added at the 
rate of 0.4 g residue per 100 g sand and in different 
particle size fractions 
Particle Days incubation 
size 
(mm) 
0 
(mg 5f) 
8 
(mg N) 
16 
(mg E) 
24 
(mg F) 
32 
(mg lî) 
< 0.25 6.2 3.20 4.14 5.98 8.74 
2.38-4.76 6.2 2.46 1.74 2.54 4.09 
15 6.2 4.87 5-27 5.22 5.02 
Check 6.2 6.15 5.94 5.98 6.15 
Table 38. Ammonium nitrogen recovered at various time periods during 
32 days incubation in sand of alfalfa root residue added at 
the rate of 0.4 g residue per 100 g sand and in different 
particle size fractions 
Particle Days incubation 
size 
(mm) 
0 
(mg K) 
8 
(mg N) 
16 
(mg N) 
24 
(mg K) 
32 
(mg $0 
< 0.25 0.00 3.48 3.02 2.19 0.13 
2.38-4.76 0.00 3.51 4.76 3.40 1.80 
15 0.00 1.28 3.k4 3.06 3.80 
Check 0.00 0.00 0.00 0.00 0.10 
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Table 39• Ammonia nitrogen recovered at various time periods during 
32 days incubation in sand of alfalfa root residue added at 
the rate of 0.4 g residue per 100 g sand and in different 
particle size fractions 
Particle 
size 
(mm) 
Days incubation 
8 
(mg H) 
16* 
(mg S) 
24 
(mg N) 
32 
(mg E) 
< 0.25 0.00 1.19 1.42 
2.36-4.76 0.00 1.61 1.78 
15 0.14 — 0.57 0.68 
determinations were not made at this date. 
Table 40. Culture reaction (pH) at varie as tine .^riods during 32 days 
incubation in sand of alfalfa root r'siàaç added at the rate 
of 0.4 g residue per 100 g sand 
Particle Days incubation 
size 
(mm) 
0 
(PH) 
8 
(?S) 
16 
(pE) 
24 
(P2) 
32 
(p2) 
<0.25 7.0 8.1 8.4 7.4 7.0 
2.38-4.76 7.0 8.3 8.5 8.0 7.3 
15 7.0 7.3 8.0 7.3 7.8 
Check 7.0 7.1 7.2 7.1 7.2 
Table 41. Culture reaction (pH) at various time periods during 256 days incubation in sand of 
cornstalk pith added in different particle fractions and at the rate of 0.3 g pith per 
100 g sand 
Particle Days incubation 
size 
(mm) 0 
(P«) 
4 
(P«) 
8 
(pH) 
16 
(pH) 
32 
<PH> 
64 
(pH) 
128 
(pH) 
256 
<PH) 
10.25 7.2 7.3 7.8 7.5 8.3 8.4 8.4 8.0 
0.25-2.38 7.2 7.4 7.7 7.8 8.2 8.5 8.4 8.1 
2.38-4.76 7.2 7.4 7.6 7.7 8.0 8.4 8.4 8.1 
4.76-7.90 7.2 7.5 7.5 7.9 8.1 8.3 8.3 8.1 
19 7.2 7.6 7.8 7.8 7.9 8.1 8.2 8.0 
Check 7.2 7.6 7.8 7.8 7.9 8.1 8.2 8.0 
